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SECTION I 
INTRODUCTION 



1-1 SCOPE OF MANUAL 

This manual contains technical information pertinent to the Sigma 3 Central Processor Unit 
(CPU) which is one of the main units included as part of the Sigma 3 Computer System. This 
manual describes the Sigma 3 CPU both physically and functionally as applied in the Sigma 
3 Computer system. 

This manual also includes information necessary to maintain the central processor in the field 
of operation. 



1-2 CONTENT OF MANUAL 

The contents of this manual are sectionalized as follows: Section I contains an introduction 
to the equipment covered by the manual and to the method and type of coverage. 

Section II contains a general description of the CPU operation. The overall mode of operation 
is divided into several functional groups of logic and each group is analyzed in the order of 
data transfer to, within, and from the CPU. 

Section III provides detailed descriptions of several modes of operations performed by the CPU. 
These are presented in flow diagrams which are referenced to logic diagrams located in the 
back of Section III. 



1-3 RELATED PUBLICATIONS 

A list of related publications, page, preceding Section I, is provided as additional reference 
material essential to the maintenance personnel to insure a complete awareness of proper 
installation, operation and maintenance of the central processor unit relative to the Sigma 3 
Computer system. 



1-4 PREREQUISITES TO MANUAL USE 

In the construction of this manual, it is assumed the user is familiar with the functions of 
transistorized digital circuitry and can interpret MIL-STD-806B logic symbology. It is also 
assumed the user can interpret logic functions expressed in logic equation form and is familiar 
with machine language programming. 

It is essential the user is capable of using standard test equipment in diagnosing and repairing 
hardware malfunction associated with digital equipment and has experience in the operation 
and troubleshooting of magnetic core memories. 



1-5 SIGMA 3 CENTRAL PROCESSOR UNIT (CPU) 



1-6 PHYSICAL DESCRIPTION 

The Sigma 3 CPU is located in the upper 6 chassis located in the center swing frame of the 
Sigma 3 Computer System cabinet, models 8101/8102 as shown in figure 1-1 . This section 
of the swing frame also provides module locations for the installation of options which are 
available with the CPU. Refer to table 1-1. Sigma 3 system operation is performed at the 
Processor Control Panel (PCP) located in the front door of the cabinet. This control panel 
is included in the CPU configuration. 

In some Sigma 3 system configurations, an external I/O processor (EIOP) is substituted for 
the integral I/O processor (HOP) option or is in addition to the HOP. In either case, the 
EIOP is located in the lower 3 chassis in the center swing frame while the MOP is located 
within the area of the CPU. The Sigma 3 system requires one or the other I/O processors, 
however, both may be added if desired. 

The PT16B power supply mounted on the center swing frame provides regulated dc for the 
center frame logic. The PT16B obtains operating power through a junction box from the 
PT14B/PT15B power supply combination located in the rear of the same cabinet. 
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Figure 1-2. Relation of Hie CPU to the Sigma 3 Computer System 



1-8 CAPABILITIES 

The CPU provides logic to execute instructions, to perform arithmetical and logic operations 
and to interface with core memory. In addition to programmed operation, the Sigma CPU is 
manually operated by using switches provided on the processor control panel (PCP), four 
coaxial cable connectors are provided for this interface, refer to figure 1-3. When the 
external interface option is installed, the CPU provides direct input/output interface (DIO) 
with special devices. In the Sigma 3 configuration the EIOP is connected to the DIO interface 
along with special devices. Refer to figure 1-2. 

In addition to the memory and DIO interfaces, the CPU in conjunction with the MOP option, 
provides an interface with input/output peripherals through device controllers. The EIOP 
interfaces with a separate group of peripherals through other device controllers. The EIOP 
is a high performance l/O processor that has its own logic and memory bus to minimize 
interference with CPU operation. For detailed information regarding the Sigma 3 EIOP and 
core memory, refer to Technical Manuals 902402 and 901594, respectively. 



1-9 MEMORY INTERFACE 

When interfacing with memory, the CPU addresses core, fetches and stores information in 
core, checks and generates data parity, monitors the power fail-safe signals (when this 
option is installed) and provides memory interface control signals. The CPU is connected 
to memory by four ribbon cables from chassis A, slots 32, 31, 30 and 29. Ribbon cables 
from slots 32A and 31A are to the 32K within the cabinet containing the CPU; slots 30A and 
29A contain ribbon cables to a second 32K contained in an additional cabinet. Refer to 
figure 1-3 for ribbon cable locations. 



1-7 CPU STRUCTURE 

The center swing frame which supports the CPU and its options in the Sigma 3 cabinet provides 
for 9 module chassis, each chassis with slots for a maximum of 32 modules. Modules plug into 
a back wiring board for circuit intraconnection. Ribbon cables and connectors are used to 
carry information between chassis and frames. Coax cables and connectors are used for carrying 
information outside the cabinet or when it is necessary to minimize noise pickup, or prevent 
signal distortion and also to simplify the mechanical aspects of cabling. The CPU and the 
available options are located in chassis A through F. Refer to figure 1-3 for the physical 
configuration. 



1-10 INPUT/OUTPUT INTERFACE (HOP) 

When concerned with the I/O interface by utilizing the MOP option, the CPU addresses a 
peripheral through a device controller and, with this option installed, the CPU controls 
the transfer of information between peripherals and memory in increments of one-byte (8 bits). 
A minimum of one byte or a maximum of 4 bytes (two words) can be transferred with each 
service call. Figure 1-3 shows the locations of the 4 coaxial cable connectors in slots 30B, 
28B, 27C and 25C between the CPU and device/subcontroller to provide the paths for data 
and control signals. 
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Figure 1-3. Sigma 3 CPU Configuration with Options 
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Table 1-1. Sigma 3 CPU Model and Options 



Model 


Specification Nomenclature 


Common Name 


Assembly No. 


8101/8102 


Central Processor Unit (CPU) 


CPU 


148586 


8105 


Integral IOP Assembly 


HOP 


148747 


8111 


Real-Time Clock Assy 


Real-Time Clocks 


117616 


8113 


Power Fail-Safe Assy 


Power Monitor Interrupts 


148741 


8114 


Protect Assy 


Memory Protect 


148746 


8119 


Extended Arithmetic Feature Assy 


Multiply/Divide Option 


148735 


8122 


Interrupt Assy 2 Level 


2 Integral Interrupts 


132206 


8170 


External Interface Assy 


DIO and External 
Interrupt Interfaces 


148745 


8172 


Eight I/O Channel Assy 


HOP Channel Expansion 


133419 



1-1 1 DIRECT INPUT/OUTPUT INTERFACE (DIO). 

When the external interface option is installed (paragraph 1-19), the CPU can interface 
directly with a device without the use of an I/O channel. This interface is provided for 
special devices (e.g. an A-D converter) and for communication with EIOP. With this 
option the CPU uses bi-directional lines to transfer an address and one word of information 
between the special device or the EIOP and a register within the CPU. This one word of 
information can then be manipulated by the CPU as directed by a program stored in memory. 
Figure 1-3 shows the location of the 3 coaxial cables between the CPU and the DIO interface 
in slots 28A, 26A and 24A. Additional DIO logic is contained in slots 27A, 25A and 23A. 
A ribbon cable is added in slot 28F and a clock coax cable from 32D when an EIOP is 
connected to the DIO interface. 



1-12 CPU OPTIONS 

In addition to the two options required to establish the I/O and DIO Interfaces, there are 7 
more options which are available to expand the capabilities of the Sigma 3 CPU basic system. 
These are generally described in the following para 1-13 through 1-19. 



1-13 POWER FAIL-SAFE OPTION 

This option consists of two interrupt levels used to enter programmed routines that save and 
restore volatile information in the event of a power failure. The power-off interrupt level 
is triggered when the power supply voltage falls below a safe limit; the power-on interrupt 
level is triggered when power returns to safe limits. This option consists of 2 modules. 
Refer to figure 1-3 for the location of the modules. 



1-14 REAL-TIME CLOCK INTERRUPTS 

Part of this option consists of two real-time counters to meet the needs of real-time systems 
where timing information must be provided. These counters can be used for elapsed time 
after a given event or the current time of day. The counters can be driven from the facility 
a-c line frequency, from the 500 hertz, 2K or 8K hertz oscillators within the system, or 
from an external source. (Note: Counter number 1 is backwired to 500 hertz). The remain- 
ing part of this option provides two internal interrupt levels used to enter a programmed 
routine when a counter reaches zero. This option is contained on two modules. Refer to 
figure 1-3 for locations. 



1-15 ADDITIONAL I/O CHANNELS 

This option provides .8 more I/O channels to expand the basic HOP configuration from 4 
channels to 12 channels. This option consists of 2 modules. Refer to figure 1-3 for the 
location of the modules. 



1-5 



1-16 PROTECT FEATURE 

This option provides the logic to protect segments of memory From the possibility of cross-over 
when the CPU is operating on both a background and foreground program. This option also 
includes a module containing logic for an interrupt level used to enter a programmed routine 
if the protected boundries in memory have been violated. In addition to the memory protect 
interrupt level, the same module contains a machine fault interrupt level. This optional 
interrupt level allows the CPU to enter a subroutine if a memory parity error occurs or there 
is an interface timer runout condition during an external I/O, an integral I/O service call, 
or a DIO timeout. 



1-17 EXTENDED ARITHMETIC 

This option provides the additional logic required for executing the multiply, divide and 
multiple precision mode instructions. If this option is not installed, the multiply/divide 
exception interrupt level (standard) is triggered whenever an attempt is made to perform a 
multiply or divide instruction. This option consists of modules. Refer to figure 1-3. 



1-18 INTEGRAL INTERRUPTS 

This option provides the logic for two interrupt levels (per module) which can be triggered by 
an external source. A maximum of four levels (2 modules) may be installed. This option is 
usually installed when a Sigma 3 system configuration does not justify the installation of a 
full external interrupt system. Refer to figure 1-3 for location. 



1-19 EXTERNAL INTERFACE 

One portion of this option provides the logic for the DIO Interface described in paragraph 
1-11. The remaining portion provides the interface logic required for the installation of an 
external interrupt system. The external interrupt interface consists of 3 coax cable connectors, 
refer to figure 1-3 for the slot locations. 



1-20 GENERAL SPECIFICATIONS FOR CPU 



1-21 General Specifications for the Sigma 3 Central Processor (CPU) are given in table 1-2. 



Table 1-2. General Specifications 



Logic circuit operating voltage 


+8 VDC 1 

-8 VDC I Supplied by PT16B 

+4 VDC J 


Frame fan operating power 


120v, 60 hertz 


Logic signal levels 

Coax cable voltage levels 


One, 2.5V Min. - 4.4V; zero, 0V-1.5V Max. 
One, 1.4V Min. -4.4V; zero,0V-0.44V Max. 


Word length 


16 bits plus parity bit 


Data format 


Two 8-bit parts (bytes) byte and byte 1; 16 
bit word. Fixed point in two's complement; 

15 bit integer and sign bit in zero position for 
arithmetic operations. For logical operations, 

16 bits without sign. 


Code 


Binary expressed in hexadecimal notation. 



1-22 SIGMA 3 SYSTEM POWER REQUIREMENTS 

1-23 The two main sources of power for the Sigma 3 system are the PT14B and PT15B located 
in the rear of the cabinet. The ac output from the PT15B is required by both the PT16B on the 
center swing frame and the PT17B on the memory frame. Refer to table 1-3 for system power 
requirements. 



Table 1-3. Sigma 3 System Power Requirements 







Input 


Output 


PT14B 


AC-DC converter 


3j2f,120/208v,60Hz. 


120V, 60Hz. 60VDC 


PT15B 


DC-AC converter 


60VDC 
*120V,60Hz. 


109V (aver.) 1800 Hz. 


PT16B 


DC regulator 


109V (aver.) 1800Hz. 
*120V,60Hz 


+8 (0-55A-Max) 
-8 (0-12A-Max) 
+4 (0-110A-Max) 


PT17B 
*Fan power 


DC regulator 


109V(aver.) 1800Hz. 
*120V,60Hz. 


+24VDC 
+ 17to+25VDC 
120V,60HZ. 
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SECTION 11 



FUNCTIONAL DESCRIPTION 



2-1 CENTRAL PROCESSOR UNIT (CPU) 

The Central Processor Unit (CPU) provides the logic circuits to perform all functions carried 
out by the arithmatical and control sections of the Sigma 3 Computer System. The arithmetical 
section performs all arithmetical calculations and some logical operations. The control section 
acts as the master dispatcher and clock of the computer. Information words are selected in 
sequence from a stored program in memory under the direction of the control section which 
coordinates all operations, times the operations, and controls the flow of information through 
the CPU. 

2-2. To communicate with the outside world, the CPU is provided with an input/output 
processor (HOP) interface option which becomes an integral part of the CPU inasmuch as it 
shares some of the CPU logic. This option allows for CPU/memory connection to on-line 
peripheral devices through their associated controllers. Another option allows for direct input/ 
output communication with a special device, for example; an analog-to-digital converter. This 
interface (DIO) is also used for CPU communication with an external I/O processor (EIOP) also 
an option to the CPU. 

2-3. Refer to figure 2-1. The overall performance of the CPU and its options is accomplished 
by logic circuits which can be grouped into nine separate functions. The arithmetical section 
includes the register, J-bus, and the adder functions. For the transfer or computation of data, 
this section operates in data-flow loops of register, to adder, to J-bus, to register, or, register 
to J-bus, to register, to adder, to J-bus. The control section is covered by the CPU interface, 
the clock generation and control, the instruction decode/execution control and the processor 
control panel (PCP) functions. 

2-4. The CPU interface function is covered in paragraph 2-1 and 2-2. The clock generation 
and control function provides the circuits to generate a 6 Mhz master clock and a phase-sync 
which divides the master clock into clock phase A and clock phase B, each phase generated 
every other cycle of the master clock . The master clock and the sync for phase B clock are 
output to external units to generate their internal clocks (memory or EIOP). Phase A is used 
to generate clocks used within the CPU. These clocks are started and stopped by the setting 
of switches on the PCP, during program execution, or program interrupt. 



2-5. The instruction decode/execution control function provides a register to receive the 
operation and address computation codes of the instruction, and the logic to decode this 
information. The interpretation of these codes provides the control for instruction execution. 
This function also uses the internal clocks to generate timing phases to synchronize each step 
of the instruction execution with the basic CPU clock. 

2-6. Data flow to the PCP panel is for display purposes, data flow from the PCP panel is 
to the J-bus for input to registers and perhaps on to memory. This data transfer takes place 
when the CPU is idle. The logic circuits and switches grouped in the PCP control function 
control this flow of data. Switches on the PCP are provided for Sigma 3 System control. 

2-7. The CPU also includes logic circuits (when the appropriate options are available) 
which provides for processing internal and external program interrupts, and memory protect 
interrupts. These functions are also directed by the control section of the CPU. The priority 
of the incoming interrupt is established by the interrupt priority control function. When an 
interrupt arrives, the information lines from this function will carry the address in memory, 
dedicated to the routine servicing the interrupt. These lines can also carry the state of the 
interrupt levels as read by an instruction requesting this information to be loaded into a 
general CPU register. The state of interrupt levels can also be altered in accordance with 
the contents of a register, by an instruction requesting this operation. 

2-8. The memory protect control function includes logic circuits and a stack of general 
registers which supply the decode logic and memory protect registers assigned to each 4K 
of memory. Data flow to this function are the first 8 bits (0 through 7) contained in the 
memory address register at the beginning of each memory cycle. This information is decoded, 
to first select the register which contains information on a protected area of memory, and then 
determine if the address of the instruction or operand infringes upon a particular part of a 
protected area. These lines can also contain a protected-area-information word to be loaded 
into a particular memory protect register in accordance with an instruction requesting this 
operation. 

2-9 FUNCTIONAL DESCRIPTION 

All data in the CPU is transferred in a parallel configuration within, and to the memory, HOP, 
and DIO interface cables. The register function of the CPU provides all logic circuits which 
hold, for transfer, useful information in a parallel form. The registers, which are a group of ac 
flip-flops or buffered latches, hold from 6 to 16 bits of data. The J-bus holds data in a 16-bit 
parallel line configuration using a combination of the exclusive OR (for adder output to the J- 
lines) and the AND/OR logic for all of the other J-bus line data input. 
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2-10 CPU DATA FLOW 

Refer to figure 2-1. Data flow through the CPU begins with the control section initiating the 
operation to fetch an instruction from memory. This is performed by placing the address of the 
instruction in the memory address register and out on the memory address lines provided by the 
memory interface control logic. A memory cycle is initiated and the instruction is returned 
on the read-data lines (16). The instruction is then transferred to the memory/arithmetical 
section interface register, the D-register. At the same time, the first half of the instruction, 
which contains the operation and address modification codes, is also placed in the control 
section where this information is interpreted by the logic performing the instruction decode/ 
execution function. 



2-11. As the control section interprets the first portion of the instruction (bits 0-7) control 
signals are generated which direct, and time, the flow of data in the second portion of the 
instruction (displacement field, bits 8-15). This data is directed through the arithmetical 
section for computation of the effective address of the operand called for by the instruction. 
When the address is obtained, and the instruction is a memory reference type, the address 
is placed on the memory address lines and a memory cycle is again initiated. The control 
section continues to execute the instruction as follows: If the instruction is to store informa- 
tion contained in a CPU general register, data is transferred to the D-register for input on 
the write-data lines (16) to the address on the memory address lines. If the instruction is to 
perform an arithmetical computation with the contents, or transfer the contents of the address 
to a general register, the information is placed on the read-data lines and transferred to the 
D-register. From here on the data is manipulated according to the operation and the result 
either winds up In memory or is loaded into a general register in the CPU. 

2-12. If the instruction is other than a memory reference type instruction, a memory cycle 
is inhibited. The entire instruction (16 bits) is interrogated by the control section and the 
instruction is executed according to the code bits contained in the instruction. For example, 
if the instruction is an I/O instruction, the area of the displacement field carries the I/O 
function indicator bits. These are output to a register which interfaces with the I/O and are 
transmitted to a device controller. The device will respond with its status on the function 
response lines (8). When an I/O service call is issued, the device address is transferred to 
the I/O data lines (8) from a register in the I/O interface logic. Also, I/O data from or to 
memory is placed on these I/O data lines. 



2-13. If the instruction is to the DIO Interface, the special device address (16) or the I/O 
function bits for the EIOP are placed on the DIO address lines. If data is sent to a special 
device, the data is on the DIO data lines (16). If the data is to be sent from the addressed 
special device, the data is returned on the DIO data lines. If the EIOP is responding to an 
I/O function,, the response (status) is on the DIO data lines. The address of the device at 
the EIOP is also placed on the data lines at the same time the function bits are placed on the 
DIO address lines. 

2-14. The register function of the CPU also includes the parity check/generation control 
circuits. This control is associated only with the memory/arithmetical section interface 
register, the D-register. Parity is checked and generated on data in the D-register, each 
memory cycle. 
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Figure 2-1. Sig/ 3 Central Processor - Functional Bloc' diagram, Data Flow 
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2-15 PROCESSOR CONTROL PANEL (PCP) FUNCTION 

The PCP function of the CPU is part of the Sigma 3 control section. 
This function is performed by the switches and indicators on the 
processor control panel (refer to figure 2-2, sheet 2) and the logic 
circuits which drive the indicator lamps and gate the logic levels 
established by the setting of the switches. These gated logic levels 
are transferred as data to registers or to activate the indicator lamp 
driver circuits or control circuits in other areas of the CPU. 

2-16. Refer to figure 2-2, sheet 1. The circuits used to perform 
the PCP function can be divided into two groups; the control and 
data-enter switch group, and the data display control group. The 
first group provides the switches for activating the Sigma 3 System 
and loading and running a program, performing system reset, or 
allowing operator control of an interrupt routine. Other switches 
in this group provide logic levels which allow for manual control 
of the CPU clock, loading or displaying CPU or EIOP registers, 
addressing and storing in memory and stepping through a program 
or an instruction. Switch settings (of a group used specifically 
during fault isolation procedures) effect control circuits (while 
the CPU is running) which will cause an automatic stop or system 
reset under selected conditions. 

2-17. The display group consists of all indicator lamps and the 
associated drive circuits. The drive circuits are selected by 
switches on the PCP. All data for display is input to the indicator 
drive circuits which are gated by the logic levels set by the select 
switches. Specific program status indicator drive circuits (10) also 
part of the display group, are gated by controls generated while 
executing an instruction and not by setting select switches. Figure 
2-2, sheet 1 shows the type of input to the display group of the 
PCP function. 
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Figure 2-2. Processor Control Panel (PCP) Function (sheet 1 of 2) 
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2-18 CLOCK GENERATION AND CONTROL FUNCTION 

The clock generation and control function of the CPU is part of the Sigma 3 control section. 
In addition to the POWER switch on the PCP, the starting and stopping of computer operation 
is controlled by the logic circuits included in the clock generation and control function. 
Since every data transfer or adder computation must occur precisely on time, it is necessary 
to synchronize the sequence of operations, therefore a master clock and timing pulses are 
provided. 

2-19. Refer to figure 2-3. A crystal or LC controlled oscillator in the CPU developes stable 
sine waves of 6 Mhz. Wave-shaping circuits contained on the oscillator module provide 
rectangular clock pulses from the output of the oscillator and another circuit divides this 
master clock in a 2:1 ratio and developes a 3 Mhz rectangular pulse. These pulses, output 
from the master clock module, are input to a phase sync generator that provides logic levels 
to sync the master clock every other pulse and produce a clock phase A and phase B. 

2-20. The master clock and the not-sync A level is provided to memory and to the EIOP 
for internal clock generation. The master clock and sync A are input to an internal clock 
driver circuit to provide clock for CPU fast memory and for resetting (erace) buffered latches. 
This clock pulse is extended (widened) by using a delayed fast memory clock pulse as a 
control input to the flip-flop clock drive circuit. This extended clock pulse assures better 
control of data transfer operations. Among the flip-flops controlled, are those in the 
instruction decode/execution control logic which generate the timing pulses to control the 
sequence of instruction execution. 



2-21. Finally, not-sync A is input to a clock driver circuit that provides clocks to the 
interrupt priority level control circuits. These clocks are always present except during 
instruction prep phase and when controlled by the interrupt service entry routine inhibit. 



2-22. Clock drive circuits which output clocks to fast memory and all other register and 
logic circuits in the CPU are started or stopped by a clock latch circuit. Clocks are permitted 
to RUN (normal operation) or clocks can be controlled in single or short bursts when performing 
manual control of the CPU circuits. Clocks can be stopped automatically if selected to do so 
by a PCP maintenance control switch, and clocks can be inhibited by memory interface control 
to synchronize memory/CPU communication. The lamp driver circuit to the RUN indicator on 
the PCP is controlled by the output of the clock latch circuit. The RUN lamp is on only when 
the latch has been lifted from the CPU clock driver circuits. 
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Figure 2-3. ''lock Generation and Control Function *Mock Diagram 
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2-23 INSTRUCTION DECODE/EXECUTION CONTROL FUNCTION 

This function is performed by logic circuits which carry out the fetch-interpret-execution 
control sequence of CPU operation. These circuits perform the major role in the control 
section of the Sigma 3 system. 

2-24. This function (refer to figure 2-4) is performed by the O-register, and the decode 
and operation phase control groups of logic circuits. These circuits provide the timing 
(phase sequencing) for all data transfer and arithmetical computation performed by the CPU. 
The phase sequencing circuits are synchronized by the CPU clocks. 

2-25. The last phase in the execution of an instruction initiates the fetching of the next 
instruction from memory, this is the beginning of the preparation phases. The fetch opera- 
tion brings a 16-bit instruction word from memory for transfer to the adder, via the memory/ 
arithmetic section interface register, the D-register. This operation is for effective address 
computation. At the same time, byte zero of the instruction is also placed in the O-register. 
This byte of information is the operation code (bits 0-3) and the address modification code 
RIXS (bits 4-7). 

2-26. The O-reglster latches on to this information for the entire execution sequence. 
With the information held in the O-register, the decode group of logic interprets the opera- 
tion and addressing modification to be performed, and develops controls which (during the 
preparation phases) command the operand address (effective address) computation sequence 
through the adder. The operand address may be the displacement field (byte 1) with zeros 
extended into byte 0, if the RIXS bits equal zero. If the RIXS bits do not equal zero, the 
displacement field becomes one of the operands in the address computation sequence. A 
maximum of seven phases of operation are required for preparation. 

2-27. After the effective address has been determined, the last phase in the preparation 
sequence initiates the first of instruction execution. Like the preparation sequence, there 
are seven phases of execution. If a memory cycle is required during the execution phase 
and a memory fetch is called for, the contents of the effective address is transferred to the 
adder via the D-register. The transfer of byte zero to the O-register is inhibited by instruc- 
tion control. The O-register has a single purpose and that is to latch the OP and RIXS 
codes during all sequences of prep arid execute. 
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Figure 2-4. Instruction Decode/Execution Control Function, Block Diagram 
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2-28 MEMORY INTERFACE - (CPU INTERFACE FUNCTION) 

The CPU interfaces with memory port No. 1 of Memory Port Multiple (MPM) No. 1 and No. 2 
via two ribbon cables. (Refer to figure 205). These ribbon cables carry 16 bits of data, a 
parity bit, and interface control signals to and from memory. One cable also carries 16 address 
bits from the LA-register for addressing core during a memory read/write cycle. 

2-29. One ribbon cable carries power monitor signals to the internal interrupt logic in the 
CPU to initiate a power on/off interrupt routine. These monitor signals are generated in the 
PT15B power supply, delivered to a module in the memory frame and transferred to the CPU 
via the memory-CPU ribbon cable. 

2-30. Data is transferred at the memory interface by the memory port control logic. This 
logic (governed by I/O interface and instruction decode/execution control logic, in addition 
to switches on the PCP) generates the controls necessary to transfer data from memory to the 
D-register for processing by the CPU, and from the processor to core memory for storage. 
This logic also controls the transfer of the parity bit from the parity check and generation 
logic in the CPU. During the preparation phases of processing, the D-register control logic 
provides for simultaneous transfer of byte zero (bits 0-7 of a word from memory) to the O- 
register for operation decode and address computation control decode. 

2-31. The control signals generated by the memory port control logic are also used by 
other control functions in the CPU. Two control signals which indicate the start of a memory 
cycle and the mode of operation (read or write) are supplied to indicator circuits controlling 
lamps on the PCP when these signals are selected for display. Also, the CPU clock is 
stopped if necessary then restarted by a memory port control signal during a memory cycle 
in order to synchronize the data transfer. 

2-32. When the system is reset by a control button on the PCP, the signal generated is 
carried via one of the ribbon cables to the reset logic in memory to inhibit memory access 
and initialize all timing and logic in the MPM section of memory. This memory reset logic 
also provides the CPU with signals to reset internal logic. In addition, a signal generated 
by the power monitor logic also provides the same system reset. 
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Figure 2-5. CPU Interface Function, Memory Interface Block Diagram 
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2-33 HOP INTERFACE - (CPU INTERFACE FUNCTION) 

The CPU interfaces with a device controller and its subconlroller through the Integral Input/ 
Output Processor (HOP) when this option is installed in the system. The HOP provides the 
I/O interface logic. (Refer to figure 2-6). 

2-34. All data to and from a device is transferred to the CPU via coaxial cables and driver/ 
receiver modules. One cable transfers 8 bits of data, (bidirectional ly) a parity bit and control 
signals. Another carries individual I/O function lines, control signals and a 1024Khz clock 
generated in the CPU for use by a device. A third cable transfers 8 function response (FR) 
lines which carry device status or address information to the FRL-register for further manipulation 
by logic in the CPU. The last cable carries the available-input-output priority signals to and 
from the subcontrollers. This cable is connected to the lowest priority device subcontroller 
(end of the priority chain) and the available-indicator from the device is returned through this 
cable. 

2-35. All data is transferred under the control of the I/O phase and control logic which Is 
part of the I/O interface logic. All data is transferred in single byte (8 bits) configuration 
from and to both single-byte and multiple-byte devices. The parity bit, transferred from the 
parity check and generation logic is also under control of this control logic. 

2-36. The D-register (part of the CPU arithmetical group) is also the memory interface register 
for the I/O device. The D-register is used during the storage of data in memory from an input 
device or the reading out of data from memory to an output device during a service call. When 
reading from memory, data is transferred from the D-register to the lOL-register (I/O interface 
register) to await transfer to the controller. When storing device data in memory, the data 
transfer is to the D-register to await transfer to memory. 

2-37. During the early phases of executing an I/O instruction (Read Direct), the lOL-register 
holds the device address from the D-register. This is output to the subcontroller on the I/O 
data lines. Also, during the same instruction, the LG-register of the CPU holds the effective 
address (I/O functions) for output on the I/O function lines to the subcontroller. 

2-38. An I/O device is allowed a specific time period in which to respond to the I/O proces- 
sor during the execution of an I/O instruction or a service call. A register in the CPU is in- 
cremented (each clock) and phase advance is inhibited until the device responds. If the device 
does not respond within 10.4 microseconds (32 clocks) an interface timer-runout indicator bit 
will effect a CPU WAIT condition. The setting of the TIMER switch on the PCP panel however, 
can override this condition until the expected response is present. 

2-39. Control signals from the I/O phase and control logic are sent to other CPU functions 
to control the data processing sequence. In turn the I/O phase sequence is established by the 
state of the CPU adder control terms which are applied to the recognition logic within the 
I/O control logic. During an I/O service call the adder is decrementing, incrementing, or 
transferring the contents of a register and the state of the adder terms during these clocked 
operations are used to establish the sequence of I/O phases. 
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Figure 2-6. CPU Interface Function, HOP Interface Block Diagram 
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2-40 DIO INTERFACE - (CPU INTERFACE FUNCTION) 

If the DIO Interface option is installed in the system, the CPU interfaces directly with a special 
device and/or the External I/O Processor (EIOP). The DIO interface logic consists of coaxial 
cables with driver/receiver modules, a data register, an address register and the necessary 
control logic. (Refer to figure 2-7). 

2-41. The transfer of data at the DIO interface is directed by the DIO control logic. Decoded 
direct control instructions and the CPU clock command the DIO control logic. Sixteen data and 
address lines, as well as interface control signals are distributed along the three coaxial cables. 
A 1024Khz clock generated in the CPU is also transmitted via one of these coaxial cables to the 
DIO interface for use by a device. 

2-42. The DIO register will latch 16 bits of data from the J-bus (part of the arithmetical group 
of the CPU). However, during certain direct control instructions, bits through 7 are zero and 
only bits 8 through 15 contain information. The data lines loaded from the DIO data register, 
function bidirectional ly. Depending on the mode of a direct control instruction (read/write) 
the data lines will carry 16 bits of data in from a special device or the EIOP, or out to a special 
device or the EIOP. During the execution of a direct control I/O instruction, however, data 
lines 8 through 15 (byte 1) will contain data going out to a device, while lines through 7 
(byte 0) are left open to receive a response from the addressed device. The device response 
(status) is transferred to the D-register via the l-register to be processed by the CPU. Transfer 
of DIO data to the I- and D-registers is controlled by the D-register control logic. 

2-43. The byte 1 data path to the D-register is for the transfer of data (device address) 
returned by the device when acknowledging an I/O interrupt. During all other direct control 
instructions the two bytes of input data (one byte through the l-register) are transferred 
simultaneously to the D-register for processing. 

2-44. The address lines, loaded from the DIO address register will contain the effective 
address of the direct control instruction transferred from the H-register in the CPU. These 
lines carry the mode and function bits of the direct control instruction. 

2-45. The EIOP is allowed a specific time period in which to respond to an I/O instruction. 
A register in the CPU is incremented (each clock) and phase advance is inhibited until the 
EIOP responds. If response is not within 42 microseconds (128 clocks) an interface timer- 
runout bit will effect a CPU WAIT condition. The setting of the TIMER switch on the PCP 
panel however, can override this condition until the expected response is present. 
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Figure 2-7. CPU Interface Function, DIO Interface Block Diagram 
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2-46 ADDER FUNCTION 



The adder performs the arithmetical function in the J-bus and arithmetical group (refer to 
figure 2-8 and 2-9). The adder uses the input from the D- and H-registers and performs an 
add, subtract, and if the extended arithmetic option is installed, a divide or multiply opera- 
tion. The adder also controls the transfer oT the contents of the D-, H-, and S-registers, 
unaltered, to the J-bus. The adder will also increment the contents of the D, H, and S- 
registers during the transfer operation by adding one to the contents. These operations are 
under command of the adder control logic. This logic is directed by the instruction decode/ 
execution control, I/O phase and control, memory interface control and internal interrupt 
control logic. Adder operation is inhibited when the CPU is in an Idle state (i.e., COMPUTE 
switch is not in the RUN position). 

2-47. The result of the adder operation is placed on the J-bus for transfer to a specific 
register depending on the phase of the instruction executed. Although the arithmetical 
function includes the add, subtract, divide and multiply operations, all data computations 
are performed by addition or a series of additions. 

2-48. During data computation, the adder receives the two operands from the D-, and H- 
registers. The data in D has been fetched from memory or was on the J-bus as a partial 
computation. Depending on the phase or type of instruction the data (from memory) may be 
an instruction, the effective word which can be a value to increment, or the addend, 
subtrahend, divisor or multiplicand of an arithmetical operation. From the J-bus it can be 
the partial results of an effective address computation, or if an extended arithmetic operation 
is involved, it can be the remainder of a divide operation for transfer back to the J-bus 
without alteration. 

2-49. The value in the H-register has been transferred from a general register in fast memory, 
this occurs for all instructions except an extended arithmetic operation. This value was loaded 
during a previous instruction. Depending on the operation, the contents of H is the augend or 
minuend for all instructions except for an extended arithmetic operation, during which time 
the contents of H is the difference (divide) or the partial product (multiply). 

2-50. If the operation is a multiply or divide, the S-register is included in the arithmetical 
group of registers. The divide process is carried out by repeated subtractions (using 2 s 
complement) and shifting the dividend to the left. This operation stays in the adder-J-bus-H- 
register loop. The difference on the J-bus and the dividend in the S-register are simultaneously 
shifted to the left, bit by bit. As a dividend bit (2'*) is shifted out of the S-register to the 2° 
position of H, a quotient bit is shifted into the 2° position in the S-register. The multiply 
process is carried out by repeated additions and shifting the partial product to the right. Thi 



..,„ ^ ~„* v _ , ,„ - ~~ ..,.« ,,,~ *. , — „.,.„., «. .,.^. ~ .„ a .».~, . ...~ quotient or the product . 

the S-register is finally placed on the J-bus (via the adder) after an incrementing alteration, 
if necessary. 



2-51 . In order to know if the result of an arithmetical operation is valid, the sign of the 
operands and the result are interrogated to determine if there is an overflow and/or carry. 
If the 16-bit magnitude in the D-register is equal to or less than the 16-bit magnitude of 
the H-register, there is a carry. An overflow occurs if there is an error in adding or sub- 
tracting algebraically, i.e.; an overflow occurs after an add, if the signs of the operands 
were positive (0) and the result is negative (1) or the signs of the operands were negative 
and the result positive. Also, an overflow occurs after a subtract, if the sign of the minuend 
in H was positive and the subtrahend in D was negative and the result is negative, or the sign 
of H was negative and the sign of D positive and the result is positive. The presence of a 
carry or an overflow results in setting associated flip-flops. The state of these flip-flops is 
indicated by lamps on the PCP. The state of these flip-flops is also used to determine the 
direction of the instruction execution or program execution. 
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Figure 2-8. Adder Function, Data Flow Diagram 
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2-52 ADDER 

The adder consists of 16 full adder circuits connected in parallel, therefore sums and carries 
are formed simultaneously. Refer to figure 2-8a through 2-8j. The carry bits are transferred 
immediately to the next higher order column. If new carries result from adding in the lower 
order carries, these are again propagated to the next higher order column. The entire sum is 
completed within one clock and the results are placed on the J-bus. 

2-53. During add operations the adder control terms operate on each column of data in the 
adder and performs the equivalent to a logical AND function to generate and an OR to 
propagate a carry bit. If the operation is other than an addition, the control logic manipu- 
lates the adder input in order that the operation is finally handled as an addition. 

2-54. An adder operation is performed in three steps. The generate and propagate steps and 
the voting step to establish the results. The generate step produces a bit for each column, 
if the bit is a one it immediately effects a carry into the next higher order-column. The 
propagate step produces a bit for each column, if the bit is a one it effects a carry into the 
next higher order column if there is a lower order-column carry. In this manner the carries 
ripple in the direction of the most significant bit position (2'^). The sum of the column is 
the result of the vote made in the third step. The sum is equal to either the column propagate- 
bit or the carry-into bit. 

2-55. A detailed presentation of adder operation during an ADD, SUBTRACT or COMPARE 
and subtracting one from the contents of the H-register (H-minus-1) is covered in figures 
2-8a, 2-8b, and 2-8c, respectively. 

2-56. In figure 2-8a, the carry out (CF) of the MSB is normal as the carry indicates the sign 
of the result which is negative. The carry would extend ones to infinity if the signs of the 
operands were extended. The true sum is X'1E7AB' or X'F. . . . .FE7AB' with the sign extended. 
There is no overflow indication (OF) as the result is algebraically correct. 
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Figure 2-8a. Adder Operation - Addition 
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Figure 2-8b. Adder Operation - Subtrace/Compare 



2-57. The control terms for the subtract/compare operation perform the complement on the 
contents of the D-register as the terms complete an add operation. At the same time a carry 
bit is forced into the 2° position of the adder to establish the 2 s complement of D. In this 
example, the carry out (CF) of the MSB of the adder is normal as the true sign of the result 
is positive. The carry would extend zeros to infinity if the signs of the operands were 
extended. There is no overflow indication (OF) as the result is algebraically correct. 







&e r vie'«*s^-e 


Vf-^Pfv <*»>*« 


H 


D 


(4A.^4-(l4.5.) 


Cw-D) +- (.u.J>) 


I 


1 



t 
1 

O 
O 


1 


1 

o 


o 
I 

Q 
1 






W-R£G4ST*(t IN 
7> -Re<3i3refc IK) 



Op »v\<^B 



■/.' oo8F-RE4uu 



■D 


c. 


a 


i 
o j o 


o 




1 o 


o 


» jo 


o 


o 


o 





o 


o 


ol o 


o 


O O 


O | 


o 


t ;o 


o 


I 


o 


A3>S>&«8. 








O 


o 


o 





o o 


£y 


o 

,1 , 





o 
o 


1 
a 


o 

_L 

o 


o 
o 


A. 


<L 


/< 


/L 


A 


,1 


r« r'/ 


> 


K \" 


r 


^'WS ^ \* K \jc^ t f 


F 


^ 

\ X 3 * S <o 5>> ^ 


U »\ t^ 13 


1<V- IS 

inn 


oooo 





l o 








1 1 1 



QowF\ewj*-t«T»CiK> 




p<*oPP,&ivfe 

tR&ey 



OR. 



-i-BUS 



Figure 2-8c. Adder Operation - H - Minus - 1 



2-58. In this operation, H-minus-1, the control logic alters the contents of the D-register 
to equal all ones (the 2 s complement of one) and then performs an add operation. The carry 
out (CF) of the MSB is normal as the sign of the result is positive. The carry would extend 
to infinity if the signs of the operands were extended. There is no overflow (OF) as the 
result is algebraically correct. 
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2-59. Logical operations are performed by the adder when carries (adding operation) are 
involved. The results of the logical operations are equal to the state of the propagate bits. 
The adder control terms perform only the propagate step in logical operations. 

2-60. In the logical AND, only the control terms to perform an AND function are used 
on each column to form the propagate bit. For an inclusive OR, the control terms for an 
AND and an OR are used, and for an exclusive OR, only the terms for OR function are 
used. Figures 2-8d, 2-8e, and 2-8f are detailed presentations of adder operation for logical 
AND, OR and EXCLUSIVE OR functions. 
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Figure 2-8d. Adder Operation - Logical And 
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Figure 2-8e. Adder Operation - Logical Inclusive Or 
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2-61. The D-register, H-register and S-register transfer direcHy to the J-bus through the 
adder. These transfers are also performed by the logical function controlling the state of the 
propagate bit of each column. The D-register contents are transferred when the adder control 
logic alters the data Input from the H-register to equal all zeros and then performs a logical 
OR on each column. The result is the transfer of the contents of the D-register to the J-bus. 

2-62. The H-register is transferred when the adder control logic alters the data input from 
the D-register to all zeros and performs a logical OR on each column. The result is the 
contents of the H-register on the J-bus. 

2-63. The contents of the S-register are a direct input to the propagate bit location in the 
adder and when the adder control logic directs this transfer, the contents of S are on the J-bus. 

2-64. During the transfer operation for the contents of D-, H, or S-registers, if it is required 
to increment the contents, a carry bit is forced into the LSB location in the adder and a one is 
added before the contents appear on the J-bus. Figures 2-8g and 2-8h are detailed presenta- 
tions of a D-to-J and an H-to-J transfer. 
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Figure 2-8f. Adder Operation - Exclusive Or 
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Adder Operation - D-Register Transfer to J-Bus 
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2-65. During the execution of a specific instruction, it is necessary to transfer the complement 
of the contents of the H-register to the J-bus. To do this the adder control logic alters the 
input from the D-register to equal all ones and performs the equivalent of an OR function on 
each column. Figure 2-8j represents this operation. 
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Figure 2-8h. Adder Operation - H-Register Transfer to J-Bus 



Figure 2-8j. Adder Operation - Complement of H to J-Bus 
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2-66 J-BUS FUNCTION 



The J-Bus is the main information artery in the CPU. (Refer to figure 2-9). Information is 
placed on the J-bus from the adder, the registers in fast memory and, when the CPU is idle, 
from switches on the processor control panel (PCP). The J-bus in turn feeds information to 
those registers which form the arithmetical group, viz.; the D-register, S-register, LA-register, 
H-register, and registers in fast memory. The J-bus also feeds information to the status bit 
lamp drivers to light lamps on the PCP. 

2-67. J-Bus and Arithmetical Register Group . Figure 2-5 is a functional flow diagram 
depicting the data flow in the J-bus and arithmetical register group. Input to the J-bus 
from the adder is the result of a partial or full arithmetical operation. In addition, the input 
to the J-bus can be the contents of the D-, H-, or S-registers. These registers transfer to the 
J-bus through the adder. This is accomplished by adder control terms which issue the contents 
of the D-, H-, or S-registers, without change, to the J-bus. Input to the J-bus from a 
register in fast memory, or the data switches on the PCP, is commanded by the J-bus control 
logic. This logic is directed by instruction decode/execution control, I/O phase and control 
and PCP control switches. 

2-68. During the PREP phases (effective address computation) of an instruction, the D-register 
interfaces with core memory, and data on the J-bus operates in a loop from the D-register 
(through the adder) to the LA-register (to address memory) and the H-register, or back to the 
D-register. When the path is back to the D-register, the H-register picks up the contents of 
a general register (depending on the required computation) and feeds the contents to the adder. 
The contents of the general register is then added to the contents of the D-register. This 
operation is repeated until the sum is equal to the effective address of the instruction, at which 
time (end of preparation) the J-bus feeds the effective address to the LA-register and H-register. 



2-69. The J-bus and arithmetical group performs in the same manner during the instruction 
execution phases as in the PREP phases. During arithmetical computation one operand is 
previously stored in fast memory and the other (from memory) is in the D-register. However, 
during the final phase the result is loaded in fast memory or in the D-register for storage in 
core memoty. Refer to the adder function and figure 2-8. 

2-70. The path to and from the adder is also used when incrementing the contents of the D-, 
and S-registers and when incrementing or decrementing the contents of the H-register. When 

to 




is generated to control the required H-minus-1 operation 



2-71. When performing data manipulation between any two registers in fast memory, the 
path is from a register in fast memory onto the J-bus to the D-register, through the adder and 
back to a register in fast memory. 

2-72. The J-bus is not used between fast memory and the S-register. The major portion of 
data flow between a register in fast memory and the S-register is during an extended arithmetic 
operation. 

2-73. During the execution of an instruction requiring a register shift operation, information 
on the J-bus is shifted right or left one bit before it is placed in the H-register; the overflow 
bit (zero) is lost during a left shift operation, however, the overflow bit (15) is shifted to the 
zero position in the S-register during a right shift. 

2-74. When the CPU is service connected through the HOP, the D-register serves as the 
data interface between a device controller and input to core memory. During this mode of 
operation, the J-bus and arithmetical register group is used only during decrementing the 
byte count in the H-register and incrementing the word address in the S-register which was 
transferred from a register in fast memory. When the CPU is connected through the DIO inter- 
face the D-register serves as the data interface between the EIOP or special device and input 
to a general register in the CPU. The data-in flow is from the D-register, through the adder to 
the J-bus and on to a register in fast memory. The data-out flow is from a register in fast memory 
on to the J-bus to the D-register through the adder to the J-bus and out to the DIO data register. 
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Figure 2-9. J %s and Arithmetical Register Group, D~*a Flow Diagram 
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2-75 D-REGISTER - (REGISTER FUNCTION) 

The D-register is the most utilized register in the CPU. (Refer to figure 2-10). A large portion 
of D-register operation is performed when the register functions in the arithmetical register 
group as direct input to the adder. This register also serves as a core memory interface register 
to hold one word (16 bits) to be stored in memory or one word fetched from memory. When the 
Integral Input/Output Processor (HOP) is installed, the D-register provides a data path between 
memory and a peripheral device. When the Direct Input/Output (DIO) interface option is 
installed, the D-register provides a communication path between the External Input/Ouput 
Processor (EIOP) and/or a special device and a CPU general register. The transfer of data to 
the D-register is governed by the D-register control logic which is commanded by the I/O and 
memory interface control logic, the instruction decode/execution control logic and PCP control 
switches. 



2-76. When the register is performing as part of the arithmetical register group, the transfer 
of data is from memory (an instruction or operand) to the adder for computation or transfer, 
unaltered to the J-bus. When transferring DIO data Into a general register, the path is through 
the adder (unaltered) to the J-bus. 

2-77. When operating relative to the I/O interface (HOP), single bytes of data (8 bits) from 
a peripheral device are input to the D-register and after a full word (2 bytes) are transferred, 
the word is transferred to memory. When connected to an output device a full word is 
transferred to the D-register from memory and then transferred to the peripheral via the IOL- 
register (part of the I/O interface logic) one byte at a time. Refer to I/O interface logic, 
and figure 2-6. 

2-78. The peripheral at the I/O interface responds to an I/O instruction on the function 
response lines (8) to the D-register via the FRL-register. On other occasions the FRL lines to 
the D-register represent the least significant byte (byte 1) of internal interrupt status. The 
FRL-register also transfers to the D-register the sum of the shifts taken during a normalizing 
operation. 

2-79. When the CPU is in communication with the EIOP or a special device via the DIO 
interface, the least significant byte (byte 1) of the word is issued directly to the D-register, 
the most significant byte (byte 0) is issued via the l-register. This allows for the simultaneous 
use of the bidirectional DIO data lines (one byte but and the other byte in, refer to DIO 
interface logic, and figure 2-4). When not used for single-byte bidirectional transmission, 
the DIO data lines carry one word of data to the D-register via the combination of the D- 
and l-register paths. On all other occasions the contents of the l-register represent the most 
significant byte (0) of internal interrupt status. On these occasions the FRL-register simul- 
taneously contains the least significant byte (1) of internal interrupt status. 



2-80. During instruction preparation phases of an instruction that does not require address 
computation, as a register-copy or set-multiple-precision mode direct control instruction, 
bits 8 through 15 in the D-register are transferred to the LG-register. These bits are interro- 
gated to determine types of operations to be performed to execute the instructions. During 
the execution of a dfrect'-read I/O instruction, the LG-register is the buffer for the I/O 
function lines to the device subcontrolier. 

During the execution of a direct write (interrupt mode) instruction the D-register contents 
points to the interrupt levels to be operated upon. At this time the contents of D are transferred 
to the Internal interrupt level logic. 

2-81. When the CPU is in idle (memory cycle inhibited) and an instruction has been entered 
In D from the switches on the PCP panel (via the J-bus) byte zero of the instruction (operation 
code and RIXS bits) is transferred to the O-register for decode. The transfer takes place when 
the CPU is set from the idle to the COMPUTE state. Also when the CPU is in the idle state, 
the contents of the D-register, when selected by PCP switches, can be brought to the data 
display lamps on the PCP. 

2-82. At one time, only during the preparation of a register copy instruction, the three 
least significant bits in the D-register (effective address) are issued to the general register 
address-register (RA). These bits are the address of the source register of the copy instruction. 

2-83. When the CPU enters an interrupt subroutine the program status indicator bits (Program 
Protect, PP, External Interrupt, El, overflow, OF and carry, CF, indicators) as part of a word, 
are input to the D-register for storage in memory. After the execution of the subroutine the 
status-bit word is fetched from memory to the D-registers and restored, via the J-bus, to the 
program status indicators. The status bits are also transferred to the D-register during a read 
direct control instruction in order to load them (via the adder and J-bus) into the accumulator 
(fast memory,, general register number 7). 

2-84. During a memory cycle (read/write) the data in D is also present in the parity check/ 
generation section. Refer to paragraph 2-85 and figure 2-11 for functional description of the 
parity check/generation logic operation. 



2-20 



I 1 



CPU 



fftce 



FOfJCTtOtO 



L I 




Oo».rrrio i_ 

— \X/S AMD Mei»OC( 



A I-6VBLS 



— -fAD&eR 



F* -re 2-10. D-Register Data Flow Diag 



2-21 



2-85. Parity Check/GeneraHon Section. (Refer to figure 2-11). To avoid errors due to 
pickup of illegitimate extra ones (pulses) or dropping a one during the transfer of a word or 
byte of a word, an odd parity check/generation system is used to check the validity of the 
information transferred. This system screens a word or byte (counts the number of ones) and 
determines the value of an extra bit (parity bit) to be added to the word or byte which will 
cause the total number of ones to remain or become an odd number. 

2-86. Data in the D-register is checked for odd parity each memory cycle. The parity bit 
(extra bit) will accompany the data from memory or an I/O device. The parity check circuits 
count the number of ones in the word or byte to determine if the value of the parity bit sent 
with the data is valid, if not, a parity error is indicated. Data to be transferred to memory 
or an I/O device is also screened and a parity bit is generated by the parity generation 
circuits to establish an odd number, indicating valid data. 

2-87. When the parity check circuit has determined that the state of the parity bit sent with 
the data is not valid, a memory parity error (MPE) indicator is generated. This indicator is 
used to establish certain control for CPU operation: 

1 . The MPE indicator drives the parity error lamp on the PCP panel and sets the 
condition to drive the WAIT circuit and lamp when the PARITY ERROR switch 
(on the PCP) is set to INTERPT (interrupt) and an I/O service call is not in 
execution. Also when the PARITY ERROR switch is set to either INTERPT or 
HALT the MPE indicator is used to inhibit the CPU clock. 

2. The MPE indicator points to a machine fault and this allows the CPU to enter 
an interrupt routine if the machine-fault interrupt option is installed. 

3. During an I/O service call the MPE indicator is transmitted to the error flag 
position in the IO control doubleword for future information. 

4. During an I/O order-out service call the MPE indicator is applied to a bit 
position in the D-register which designates an IOP HALT terminal order which 
is sent to the device controller at the termination of the service call. 
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Figure 2-11. Parity Check and Generation, Data Flow Diagram 
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2-88. H-REGISTER - (REGISTER FUNCTION) 

A large portion of H-register operation is performed when the register functions in the arithme- 
tical register group as direct input to the adder. The register operation is also prominent during 
the execution of an instruction requiring a shift operation. 

2-89. During an I/O service call, this register holds and manipulates (through the adder) the 
decrementing of the I/O table byte count. In addition, the H-register is used as a counter to 
establish elapsed time at the HOP and DIO interfaces during the execution of a read/write 
direct I/O or DIO instruction. 

2-90. Data transfer to the H-register is under the command of the H-register control logic. 
(Refer to figure 2-12). This logic is directed by terms from instruction decode/execution 
control logic, I/O phase and control logic, and PCP control switches. 

2-91. Data flow to the H-register is from the J-bus, or from a general or I/O register in 
fast memory. Data flow from the H-register, other than to the adder, occurs during the 
execution of a read/write direct control instruction at the DIO interface. At this time the 
H-register holds the mode and function bits (effective address) for transfer to the DIO address 
register. 

2-92. When the H-register is performing as part of the arithmetical register group, the data 
in H is input to the adder for computation and out on the J-bus for transfer. Data flow from 
the H-register, not for computation, is through the adder, unaltered, and out on the J-bus 
for transfer. 

2-93. When the H-register is operating during a shift operation, input from the J-bus is 
shifted right or left before entering the H-register. If the shift is to the left, bit zero of the 
S-register is transferred to bit 15 of the H. If the shift a right cyclic, bit 15 of the S- 
register is transferred to bit zero of H. 

2-94. The H-register is used as a counter (interface timer) while waiting for a device response 
at the HOP or DIO interfaces. When bit H10 is high (decimal value of 32 clocks or 10.4 
msec.) time has runout at the HOP interface for device response. When bit H08 is high 
(decimal value of 128 clocks or 42 msec.) time has runout at the DIO interface. 

2-95. When the CPU is in the idle state, the H-register can be loaded, via the J-bus, with 
data in the configuration set by 16 data-bit switches on the PCP. Also, when the CPU is 
idle, the contents of the H-register (if selected) is displayed by the PCP lamps. 
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Figure 2-12. H-Register Data Flow Diagram 
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2-96. S-REGISTER - (REGISTER FUNCTION) 

The major portion of S-register operations is performed when Hie register functions in the 
arithmetical group as input to the adder to establish (by incrementing the contents of S) the 
next instruction address for transfer by the J-bus. 

2-97. Another important function of the S-register is to perform a right or left shift of its 
contents during the execution of an instruction requiring a shift operation. 

2-98. Refer to figure 2-13. Data transfer to the S-register and within the register is under 
the command of the S-register control logic. This control logic is directed by terms from the 
instruction decode/execution control logic, I/O phase and control logic and PCP control 
switches. 

2-99. Data flow to the S-register is from the J-bus or general or I/O registers in fast memory. 
Data out from the S-register is to the adder for increment or direct transfer to the J-bus. The 
S-register contents, at the end of instruction execution, is latched in the memory address 
latches (LA-register) as the address of the next instruction to be accessed from memory. 

2-100. During a divide or normalize operation (left shift) the S-register holds the least signif- 
icant portion of the numerator (or value to be normalized) and the register shifts this word left, 
bit-by-bit. The S-register also holds the multiplier during a multiply operation and shifts this 
value right, bit-by-bit. The J-bus and S-register shift simultaneously, left or right during the 
shift or normalize, divide and multiply operations. 

2-101. During a left shift, bit zero of the S-register transfers to bit 15 of the H-register and 
during a right shift, bit 15 of the J-bus is transferred to bit zero of the S-register. If the 
right shift is a cyclic shift, S15 transfers to H00. 

2-102. During the idle state of the CPU, the S-register can be loaded, via the J-bus, with 
data in the configuration set by 16 data-bit switches on the PCP. Also, during the idle state, 
the contents of the S-register (if selected) is displayed by the PCP lamps. 



XFA-iT I 



J\5 



E 



(autrr e»<UM0 



COoVftoL 



atff 



*r ~ "i 




Unenc 



"»fcGo;De/enkeco"Tio»5i 









Cic) 



» 









j-taoj: 



Figure 2-13. S-Register Dato Flow Diagram 
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2-103. LA-REGISTER - (REGISTER FUNCTION) 

The major function of the LA-register is to latch 16 bits of memory address information from the 
J-bus or the S-register at the beginning of a memory cycle. The LA-register also latches the 9 
bits (7 through 15) from the Interrupt Address register (INTAD); this is the address dedicated to 
a particular interrupt service routine stored in memory. Refer to figure 2-14. 

2-104. Data transfer to the LA-register is commanded by the LA-register control logic which 
is directed by instruction decode/execution control, I/O phase and control, PCP control 
switches and internal/external interrupt logic. 

2-105. Data flow to the LA-register is from the J-bus, S-register or the INTAD-register. Data 
in the LA-register is always present on the memory address lines but becomes effective as an 
address only when a memory cycle is enabled by the memory interface control logic. At other 
times, when a memory cycle is inhibited during the execution of a shift, register copy or 
direct control instruction, the function bits (effective address) In the LA-register are transferred 
to the LG-register. The function bits in the LG-register are interrogated to control the 
execution of the instruction. The contents of the LA-register can change during execution, 
therefore, the LG-register is used to hold the function bits during this time. 

2-106. If the Memory Protect option is installed, the five most significant bits (0 through 4) 
of the address in the LA-register are transferred to the Memory Protect Address register (MPAD). 
The first four bits of this register point to the 16 bit register which has been assigned to control 
the protection of a specific 4K of core memory; the fifth bit points to the first or second half 
of the 4K to be considered. The next three bits (5 through 7) of the LA-register are interrogated 
by the memory protect logic to determine which page or pages (256 locations each) may be 
protected. If the address information contained in LA-register bits through 7 infringes upon a 
protected area, a memory protect violation occurs and is handled by an interrupt routine. 

2-107. If a program interrupt occurs the INTAD-register holds the interrupt level dedicated 
address. This information (9 bits) is latched into the LA-register, an interrupt-entry sequence 
starts, and a memory cycle is entered. 

2-108. When the CPU is in the idle state, a memory address set by the 16 data-bit switches on 
the PCP is loaded into the S-register, via the J-bus. This address is transferred to the latches 
(LA-register) when the PCP switch controlling the memory mode operation is set to deposit or 
fetch data in memory. Also, in the idle state, the contents of LA (if selected) is displayed by 
lamps on the PCP. 
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Figure 2-14. LA-Register Data Flow Diagram 
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2-109. LG- AND LM-REGISTERS - (REGISTER FUNCTION) 

The LG- and LM-registers (refer to figure 2-15) are considered together in this description 
inasmuch as the only data-input to the LM-register is from the LG-register. 

2-110. LG-Register. The LG-register is an 8-bit register with the primary function of holding 
the effective address bits (08 through 15) of an instruction during the preparation and/or 
execution of instructions for which a memory cycle is not required (viz:, shift, register copy 
and internal read/write direct control). Data transfer to the LG-register is commanded by the 
phase of the operation. Data from the LG-register is commanded by the logic controlling the 
destination of the data, however, individual LG bits are used to control other functions within 
the CPU during instruction execution. 

2-111. The effective address bits are transferred to the LG-register from the D-register during 
the early prep phases and from the LA-register at the end of the prep phase prior to execution. 
The transfer of the effective address bits to the LG-register is to hold the information for 
interrogation to establish conditions prior to execution and to control the execution of the 
instruction. 



2-112. In the normal sequence of instruction preparation (effective address computation) the 
instruction arrives in the D-register in an early phase. In order to fetch the operand from 
memory, the sequence of data flow takes the displacement field of the instruction in D through 
the adder for modification, and the final phase of preparation leaves the effective address in 
the LA-register. At the same time the displacement field is placed in the adder the same bits 
are placed in the LG-register. Also, at the end of the prep phase the effective address in 
the LA-register is placed in the LG-register. This information arriving in the LG-register at 
the end of the prep phase may be the same as that deposited from the D-register in the early 
phase or it may be modified information as computed by the adder. In either case, the 
effective address bits are held in the LG-register. 

2-113. Inasmuch as the instructions involved with the LG-register do not require an operand 
from memory, a memory cycle is inhibited and the LG-register contains the effective address 
of the instruction which is a group of function/operation code bits. These bits are interrogated 
to control the execution of these non-memory reference type instructions. 

2-114. For example, if the instruction is a register copy, the destination register address 
(LG09-11) as well as the decision to invert the contents of the source register (LG12), are 
determined during the early prep phase. Also during the early prep phase, if the instruction 
is a read direct control used for setting the multiple precision mode operation, the contents 
of LG are the number of registers involved (LG10-12) and the address of the first register 
(LG 13-15) in a sequence of registers. This information is then transferred to the LM-register, 
Refer to LM-register, paragraph 2-1 17 and RA-register, paragraph 2-121 for further description. 



During this period, the contents of the LG-register are also interrogated for an all-zero condition. 
If this condition prevails it indicates that the read direct control instruction was for reading the 
state of the PCP data switches into the accumulator (a general register in fast memory) and not for 
setting the multiple precision mode. In this case, the transfer of data from the LG-register to 
the LM-register is inhibited and other control terms are initiated to carry out the execution of 
reading the data switches. 

2-115. At the end of the prep phase, when the effective address is again placed in the LG- 
register, the LG-register bits are interrogated. If the instruction is a register copy, LG08 
controls the decision to clear the destination register before the execution of the instruction. 
If it is a shift operation, the LG-register contains the type of shift (LG08-10) and the number 
of shifts (LG11-15). The LG bits indicating the type of shift are used to control the shift 
Instruction execution and the number of shifts are placed in the RA-register for down count. 
Refer to the RA-register, paragraph 2-121. 

2-116. For the remaining non-memory reference instructions (internal read/write direct control) 
the end of the prep phase leaves the function bits (effective address) in the LG-register. If the 
instruction involves the general of I/O channel registers in fast memory, LG10-15 are the 
address bits for the register; these bits are transferred to the RA-register. Refer to RA-register, 
paragraph 2-121 . If the instruction involves an I/O operation (read direct) LG11-15 are the 
I/O function bits indicating an AIO, HIO, TVD, TIO or SIO, respectively. These bits are 
output to the HOP interface during the execution of the I/O instruction. For all other 
remaining internal read/write direct control instructions, the individual bits, LG08-15 are 
used to control the instruction execution. 
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2-117. LM-Register. The LM-register is a 6-bit register (refer to figure 2-15) with the 
primary purpose of holding effective address bits 10 through 15 of an internal read direct 
control instruction to set the multiple precision mode operation. Part of the register (LM10-12) 
is used as a down-counter during the execution of a multiple load or store operation. 

2-118. The effective address bits are transferred to the LM-register from the LG-register 
during the prep phase of the instruction. At this time the LM-register holds the number of 
registers (LM10-12) involved in the multiple load/store operation and the address of the 
first register (LM13-15) in the sequence of general registers in fast memory. These address 
bits are transferred to the RA-register. Refer to the RA-register, paragraph 2-121. 

2-119. During the execution of the multiple load/store operation the number of registers in 
the LM-register is decremented under the control of the LM-register logic which in turn is 
directed by the instruction decode/execution control logic. This down-count effects an 
up-count of the RA-register to select each sequential register and also an increment of the 
effective address in the S-register to load/store data in sequential locations of memory. 

2-120. When the CPU is in an idle state the data bits indicating the number of registers 
involved in the multiple operation (LM10-12) can be selected for display on the PCP by 
selection control switches on the PCP. 
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Figure 2-15. LG-And LM-Register, Data Flow Diagram 
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2-121. RA-REGISTER - (REGISTER FUNCTION) 

The RA-regfster, a five-bit register, is primarily used as the address register that selects the 
registers in fast memory (general and I/O channel registers) through the fast memory control 
logic. The RA-register also serves as an up/down counter during instruction execution, I/O 
service calls and interrupt entry routines. Data transfer to the RA-register is commanded by 
the RA-register control logic which is directed by the instruction decode/execution control 
and I/O phase and control logic. Refer to figure 2-16. 

2-122. During the execution of specific instructions (copy, read/write direct control, or 
shift) the LG-register holds the effective address (function) bits of the instruction. For the 
copy instruction, bits LG09-11 are the destination general register address. Bits LG12-15 
are the number of shifts in a shift operation that are decremented by the RA-register and 
bits LG11-15 are the address of a general or I/O channel register address for a read/write 
direct control operation. 

2-123. During the prep phase of a copy instruction, the three least significant bits of the 
D-register (D13-15) contain the address of the source register. These bits are transferred to 
the RA-register to control the selection of the source register before the execution of the 
instruction. 

2-124. During a multiple precision mode operation, the LM-register holds the count of the 
number of general registers (LM10-12) involved in the operation, also the three-bit address 
(LM13-15) of the first register in a sequence of registers to be loaded or stored. The three 
address bits are transferred to the RA-register to select the first general register. While 
the count of the number of registers is decremented in the LM-register (refer to the LM- 
register, paragraph 2-117) the RA-register is incremented, thereby addressing each 
sequential general register. As the RA-register is incremented the effective address in the 
S-register is incremented to fetch or store data in sequential locations in memory. 

2-125. Early in the preparation phases of an instruction, an RIXS bit, 07, from the O- 
register determines the first step in effective address computation. If this bit is high the 
contents of the base register (general register number 5) is selected to modify the displacement 
field to establish the reference address or the effective address of the instruction. 



2-126. The RA-register logic also receives two bits, J07 and J08 from the J-bus which 
determines whether or not the extended accumulator register (No. 6) will be selected prior 
to instruction execution. These bits are concerned with a double register operation for shift 
or normalize. 

2-127. The H-register control logic transfers a term to the RA-register which holds the least 
significant RA-bit low (subtracts 1 from the original count of 17) during a phase of the 
normalizing operation in a case where exactly 16 bit positions of shift results in normalization. 

2-128. At the HOP interface, during the first phase of an I/O service call, the device returns 
its address on the function response lines to the FRL-reglster. This data is decoded and is used 
to set the RA-register to control the selection of the first I/O channel register (even number) 
which contains the word address portion of the I/O command doubleword. The RA-reglster is 
incremented in the second phase, to obtain the flag and byte count portion of the IOCD from 
the odd numbered register. Also, during an I/O service call, the device is given a specific 
amount of time to respond to an order. The RA-register is incremented each clock and phase 
advance is inhibited until the device responds. If the device does not respond within 10.4 
microseconds (up-count RA-register to = IIIII2) an interface timer runout indicator term 
will effect a CPU WAIT condition. 

2-129. The RA-register is also used as an up-counter when it is counting the number of shifts 
taken during a multiply, divide or normalize operation. 

2-130. When the CPU is in an idle state the contents of the RA-register can be selected for 
display on the PCP panel. 
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Finure 2-16. RA-Register Data Flow Diagram 
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2-131 GENERAL AND I/O REGISTERS (REGISTER FUNCTION) 

A group of 16-bit registers, commonly called fast memory, Is made up of eight general registers 
and four I/O channels, each channel consisting of two registers each. Refer to figure 2-12. 
Unlike all other registers in the CPU, these registers are available to the programmer (can be 
accessed). 

2-132. These registers are numbered zero through fifteen and the binary equivalent of the 
number is the address of the register. The address is held in the RA-register of the CPU or is 
selected by switches on the PCP when the CPU is in the idle state. 

2-133. The general registers are part of the arithmetical group in that the contents are used in 
carrying out an arithmetical or logical operation called for by an instruction. The I/O channels 
are used, when the HOP option is installed, to temporally store the I/O command doubleword 
used during a service call. The even numbered register (8, 10, 12 or 14) holds the most signi- 
ficant part of the word or the word address for the location of the data table in core memory. 
The odd numbered register (9, 11, 13, 15) holds the least significant part of the word or the 
word containing three operation control flags (3 bits) and the byte count (13 bits) of the data 
table in core memoiy. During the execution of an I/O service call the device address returned 
from the device is decoded for input to the RA-register. The RA-register then holds the address 
of the most significant register (even numbered) of the associated I/O channel. 

2-134. Control of the general and I/O channel registers is under the command of the fast 
memory control logic which is directed by the Instruction decode/execution control, I/O phase 
and control and Internal interrupt control logic. In order to write into the registers or transfer 
(read) the contents into another register or J-bus, the register must be addressed. The fast 
memory control logic selects the register and generates the register-write control when loading 
the registers in fast memory. When transferring the contents, the fast memory control logic 
again selects the register, however, the transfer is under the control of the logic associated 
with the destination of the contents. 



2-135. Data flow to the register in fast memory is always from the J-bus. Data flow from a 
register can be onto the J-bus for input to another general register or another register of the 
arithmetical group. Data flow from a register in fast memory can also be to the H-register for 
arithmetical or logical operations and to the S-reglsrer during the multiprecision mode and 
extended arithmetic operations. If the memory protect option is installed the contents of the 
accumulator will be copied into a memory protect register during a write direct control 
operation. At this time, the contents (previously loaded) in the accumulator (Reg *7) determines 
the page (256 locations) or pages that are protected in core memory. 



2-136. Although the general registers (0 through 7) are considered, for the most part, general 
purpose registers, the programmer must be aware of certain specifics regarding these registers. 
The function of each register can be described as follows: 

General Register No. (Z). This register can be accessed by a direct control instruction 
and a register copy instruction (only as a destination register). Other instructions interpret the 
address of this register as the contents of a register which equals all zeros. 

Ge neral Register No. 1 (P). This register has a very specific purpose in that it holds 
the next address in the program. It the contents are changed, the program will go to the address 
where the register points. 

General Register No. 2 (L). This register is known as the LINK register and is used by 
the programmer as the name implies. 

General Register No. 3 (T). Besides serving as a general purpose register this register 
holds the exponent which is decremented during a normalizing operation. 

General Register No. 4 (XI) and No. 5 (X2). These are general purpose registers, how- 
ever, the registers also play an important role in effective address computation. A value in 
register X2 is used in the base addressing scheme and a value in XI is used for post indexing. 
Incidently, the P register can be included in this effective address computation group as it is 
referred to in relative addressing. 

General Register No. 6 (E). This register is known as the extended accumulator. It is 
used as a general purpose 16-^bit register, however, when the extended arithmetic option is 
installed, this register functions as the name implies, to extend the accumulator to the equivalent 
of a 32-bit register. 
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General Register No. 7 (A). This register is the very important 
and much used accumulator. Most instructions operate on the accu- 
mulator and also place the final results in the accumulator. The accu- 
mulator is also used in direct I/O communications. 
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Figure 2-17. General and I/O Channel Registers (Fasl Memory) - Data Flow Diagram 
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2-137 FRL-REGISTER - (REGISTER FUNCTION) 

The main purpose for the FRL-register is to receive the dafa function response lines (8) at the 
HOP interface. (Refer to figure 2-18). This data can be the device status or address during 
an I/O operation, or the device address at the beginning of an I/O service call. The address 
returned during an I/O service call is decoded by the FRL-register control logic and this code 
controls the setting of the RA-register to the address of the first I/O channel register associated 
with the device (refer to RA-register, paragraph 2-128). 

2-138. The FRL-register also serves as a switching station for byte one (108-15) of the internal 
interrupt levels status from the (-register to the D-register during the execution of a read direct 
control instruction (interrupt mode). Data transfer from the l-register is directed by the D- 
register control logic (refer to D-register, paragraph 2-78). 

During a normalizing operation, the FRL-register receives the number of shifts counted in the 
RA-register. This data is transferred under the control of the fast memory control logic. The 
count is then transferred to the D-register for input to the adder. At this time the count is 
subtracted from the exponent previously loaded in a general register in fast memory (T). 

The state of a single bit from the LM-register (LM14) during the normalize operation controls 
the latch on the FRL-register. Also a single bit from the RA-register controls the subtraction 
of one from the shift count in the FRL-register if the condition of the normalize operation 
requires a minus one from the count. 

The contents of the FRL-register may be selected for display by the PCP indicators when the 
CPU is in an idle state. 
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Figure 2-18. FRL-Register, Data Flow Diagram 
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SECTION III 
DETAILED PRINCIPLES OF OPERATION 



3-1 



INTRODUCTION 



This section contains two groups of detailed information, the first group describes the two modes 
of CPU operation, and the second group consists of logic diagrams covering the logic circuits 
involved in CPU operation. One mode of operation is the PCP control mode and the other is 
the program controlled mode of operation. As a further aid to understanding CPU operation, 
reference should be made to the applicable documentation in the list of related publications 
located in the front matter of this manual . 



3-2 LOGIC DIAGRAMS 

The second group of detailed information contained in this section are logic diagrams indicating 
the module location, type of logic mechanization used, and pin numbers of all logic terms 
generated and used within the CPU. These diagrams are all designated by the same figure 
number, however, each illustration is numbered in sequence with a sheet number (i.e.; sheet 
x of xx). 

3-3. The logic diagrams are read from left to right and/or bottom to right. The signal inter- 
connection between sheets is indicated by a sheet number in parenthesis at the left hand input 
to the diagram. A broken signal line appears only when a crossover makes it difficult to read 
the diagram. The signal interconnection between sheets does not reveal the actual wiring 
pattern. Sheet number input from the left indicates on which sheet the term is generated. 

3-4. There are certain exceptions to the rules established in paragraph 3-3. The CPU clock 
input is applied to each circuit separately, signal interconnection is not necessary as a diagram 
of the CPU clock (CL, CK, or CLGAT) is provided showing clock output pin numbers of the 
clock source, modules 13C and 14C. 

3-5. Another exception to the rules established in paragraph 3-3 is, that those pin locations 
where a signal (logic term) is not connected, the designation (open) is used immediately at the 
input pin to the circuit. This indicates that the pin assignment is open and that a logic level 
of one (4V) is hardwired in lieu of a logic term. Also, when a hardwired logic level of zero 
is required, it is designated as ZGNDXXX and this symbol appears immediately at the pin 
input to the circuit. 



3-6. Where the logic term input/out is at a pin on a ribbon cable connector, the JocaJion 
is designated by placing the module location and the pin number within a square j«'f 

Where the logic term input/output is carried on a coaxial cable, a standard cable ' 

connector symbol is used ^ \ ! v~ ' £. • 

3-7. PCP CONTROL MODE OF OPERATION 

The PCP mode is concerned with (1) the switches and circuits controlling the operations 
required by the system operator and (2) the switches and circuits controlling the operations 
required by the maintenance personnel. The Sigma 3 system operator requires the use of a 
limited number of controls on the PCP panel. Figure 3-1 is a line drawing of the PCP panel 
showing all controls and indicators. Those controls and indicators which the system operator 
ts specifically concerned with are indicated by the letter 0. Maintenance personnel are 
concerned with all controls and indicators on the PCP. If a programmer requires the use of 
the PCP for debugging a program, he will use all controls except AUTO RESET and the SYNC 
COUNTER group of switches. 

3-8. SYSTEM OPERATION PROCEDURE - PCP CONTROL 

3-9. No effort is made in this manual to provide detailed information for the system operaloi , 
However, Table 3-1 lists the procedural steps for system turn-on, bootstrap program loading 
and console interrupt. This table is included to point the maintenance personnel to the logic 
circuits effected by the procedure used for system control. 





Table 3-1 


System 


Operation Procedures 






Step 


Procedure 




Expected Results 


Figure Rel . 




1 


Press POWER switch on 

(Note: SI in PT14B is 
set to REMOTE) 




PT14B Power Sup. is on 
PT15B Power Sup. is on 
PT16B Power Sup. is on 
PT17B Power Sup. is on 
POWER lamp is on 
(+8V from 16B is available) 


3-2, Sh 1 
3-2, Sh 1 
3-2, Sh 2 
3-2, Sh 2 
3-2, Sh 1 


2 


Set key-operated switch 
UNLOCK and PROTECT 
to OFF 


to 
switch 


- 


3-2, Sh 1 
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Table 3-1. System Operation Procedures, Contd, 



Step 


Procedure 


Expected Results 


Figure Ref . 


3 


Set PCP switches in the 
MAINTENANCE area as follows: 
CLOCK to CONT, INTERRUPT 
to NORMAL, TIMER to 
NORMAL, AUTO RESET to OFF, 
INSTRUCTION to OFF, 
and OPERAND to OFF. 
In the OPERATION area, set 
the switches as follows: 
MEMORY MODE to NORMAL, 
and ADDRESS to NORMAL 


NORMAL MODE lamp is on 


3-3 


4 


Set DATA switches 8-15 to the 

number of the device from which 

the initial program is to be 

loaded. 

Set DATA switch 7, also, if the 

device is on the EIOP 


The logic levels set by these 
switches are KD08-KD15 

The logic level KD07, set by 
this switch is used to reset the 
load-conditions initiate (LCI) 
circuit when the simulated 
SIO instruction is completed 
and the CPU is in the WAIT 
state. (KD07-iCF).WAIT) 
If the subsequent ORDER is at 
the EIOP the LCI term must be 
reset at the HOP (CPU) for the 
service call . 


3-12, Sh 1 
3-12, Sh 3 


5 


Set COMPUTE switch to idle 


This position enables +8V to 
the RESET and LOAD switches. 


3-12, Sh 2 
, Sh 3 



Table 3-1. System Operation Procedures, Contd. 



Step 


Procedure 


Expected Results 


Figure Ref. 


6 


Press RESET switch 


The logic level KRESET set by 
this switch is transmitted as 
RSTE/2 to system reset circuitry 
in memory. After a minimum 
delay of 5 usee, RST and 
RSTE/1 are returned to the CPU 
for use within. RST and RST/B 
enable the setting of D03, D09 
and D15, for simulating a 
direct control read I/O instruc- 
tion, SIO. 


3-12, Sh 2 

3-12, Sh 16 

3-12, Sh 50 
- 52 


7 


Press LOAD switch 


The logic level KLOAD, set by 
this switch is used to set load- 
conditions-initiate, LCI. LCI 
is latched high until the con- 
clusion of the simulated ORDER 
out for a device on the HOP. 
At this time LCI is reset by 
IOPH17. Refer to step 4 for 
device on EIOP. The setting of 
LCI effects the following: 

a. LCI overrides the interface 
timer circuits, (S/NCFIT . 
NOFIT/1) 

b. LCI sets a WAIT condition 
at the end of simulated SIO 
instruction, (LCIK)FIHCFIT) 
. ENDE 


3-12, Sh 3 

3-12, Sh 3 
3-12, Sh 25 
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Step 


Procedure 


Expected Results 


Figure Ref. 


7 




c. LCI sets up the transfer term 




Contd 




JXKD=(LA08+LCI) to transfer 
device add. set up in step 4 to 
the J-bus. 
d. LCI inhibits the setting of 


3-12, Sh 41 






JK15/1 (NRADDRXKRA . 


3-12, Sh 32 






NLCI). H-reg. cannot be in- 








cremented for interface timer 








during SIO and the S-reg. can- 








not be updated during the sub- 








sequent service call. 








e. LCI sets H08 to simulate a 








byte count of 'X'80 (LCI. 








IOPH03). LCI also forces 


3-12, Sh 54 






H15/1 (NLCI,NH15HCH 


, Sh3 






H15. This simulates an odd 








byte condition allowing the 








transfer of byte zero in the D- 








register to the IO data lines. 








This is the order byte (READ) 








set in D06 by LCI. 








(IOPH03 . LCI) 


3-12, Sh48 






f . LCI inhibits a memory cycle 








during a service call. 








(NLCI . (S/MC1/2) 


3-12, Sh 15 






g. LCI inhibits JXR 








(IOPH02.NLCI), 


3-12, Sh 41 






HXR (IOPH03.NLCI), 


Sh 53 






andHXJ (IOPH05B.NLCI) 


Sh52 






during the service call 





Table 3-1. System Operation Procedures, Contd. 



Step 



Procedure 



Expected Results 



Figure Ref. 



Set COMPUTE switch to RUN CPU clocks are started: KRUN. 

KCONT-1 .CLB=CLOCKEN 
CLOCKEN.CLA=CLOCK= 
CLEN/M.CLB=CLEN.CLA=CK 
& CL, and RUN lamp is on. 
The simulated SIO instruction 
is prepared, and executed, and 
the subsequent service calls 
are executed. 



NOTE: Figure 3-4 and 3-5 are self explanatory in regard to data 
flow during the prep and execution phases of the SIO (bootstrap). 
However, figure 3-6 requires the support of sequence table 3-2 
for explanation of data flow during the execution of the I/O 
service cycle. The order out (LCI) and subsequent data in (READ) 
cycles are indicated. 



3-12, Sh 2 
Sh 5 
Sh7 



3-4 & 3-5 
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Press INTRPT switch 



The logic level KINTRPT set by 
this switch is one of three con- 
ditions used to set INTK. 
INTK is the program interrupt 
initiated by 

(1) the INTRPT button 

(2) logic level TRACE set by 
INTERRUPT sw during prep 

(3) logic level DIAGNOSTIC 
set by INTERRUPT sw at MPE 



NOTE: When INTK is set high, and if the console interrupt is 
armed and enabled (II IP and II IN) HIS is set and II 1R is high. 
I11R is decoded resulting in INTADR04 and INTADR02. With 
the I/O Group interrupts effected (I1119R) INTADR01 is high. 
These interrupt address decode lines are gated by INTGA and the 
resultant interrupt address location lines INTAD07, 13, 14 and 
15 are high. This configuration of INTAD = a binary equivalent 
of 263 or 'X' 107 which is the address in memory dedicated to the 
interrupt entry routine for the console interrupt. 



3-12, Sh7A 



, Sh 91 
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Figure 3-1. Processor Control Panel - PCP Control Mode of Operation 
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Figure 3-2. Power Distribution Diagram (shep* 1 of 2) 
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Figure 3-2. Power Distribution Diagram (sheet 2 of 2) 
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Table 3-2. I/O Service Connection Sequence Control 



Table 3-2. I/O Service Connection Sequence Control, Contd. 



Phase Control by Adder-State-Recognition 


I/O 


Hex 


Basic 






Phase 


Display 


Operation 


Associated Terms 


Comments 


01 


88 


JXH 


S/IO/1.NSW1.NSW2 


Phase Definition 


02 


00 


JACEZ 


JACEZ. SW1 


Data Table Address (WA) in even No. I/O 
channel register is transferred to J-bus - 
JXR (IOPH03.NLCI) 


03 


CO 


JXHEORD 


IOPH02.FSL.NSW1.NSW2 


Phase Definition 


04 


CO 


JXHEROD 


IOPH03.SWI 


Phase Definition 


05 


66 


JXHM1 


IOPH04.SW1 


Decrement byte count (BC) in H-reg. 


06 


11 


JXSP1 


IOPH05B.NSW1.NSW2 


Increment WA from S-register 


07 


66 


JXHM1 


IOPH0609.NIOED.NBCEZ 


Decrement byte count in H-reg. if not 
end data and not count done 


08 


02 


JGXHND 


IOPH07.SW1 


Phase definition 


09 


11 


JXSP1 


IOPH08.SW1 


Increment WA from S-register 


10 


02 


JGXHND 


IOPH09.IOG.H01 


1st Data Chain Phase 


11 


11 


JXSP1 


IOPH10.SW2 


2nd Data Chain Phase - Increment WA 
from S-register. 


12 


48 


JXD 


IOPH11.SW1 


3rd Data Chain Phase - 1st and 2nd word 
of new IOCD in D-reg. transferred to J- 
bus. 


13 


48 


JXD 


IOPH12.IOG.NSW1.NSW2 


Terminal Order Phase Definition - To 
insure transfer of MPE bit in D-reg. is 
transferred into 2nd word of new IOCD 


14 


49 


JXDP1 


IOPH13.JK15 


Phase Definition 


15 


10 


JPRXS 


IOPH14.(IOADV+OFIT) 


Updated WA in S-register is transferred 
to J-bus. 


16 


88 


JXH 


IOPH15.SW1 


Updated BC in H-register is transferred 
to J-bus. 


17 


00 


JACEZ 


JACEZ. NSW1.NSW2 


Adder unused. Next instruction address 
from P-reg. is on J-bus - JXR=ENDE/2 



Control by Data Transfer Terms 


I/O 


Hex 


Basic 






Phase 


Display 


Operation 


Associated Terms 


Comments 






FRLXIO:FR 


IO(FSL+AVO)B 


FRL-register contains device address 
when device returns FSL or AVO 






FRLX 


IO(FSL+AVO)EN 


FRL-register is cleared prior to IO 
(FSL+AVO)B 






IOADV 


IOPH01.IO(FSL+AVO)B 

IOPH05060914. 
(IORSB+OFIT) 

IOPH09.IOG 


At receipt of FSL advance out of 
IOPH01 . At receipt of AVO or OFIT 
advance out of IOPH01 to IOPH17 and 
bring up next instruction address from 
P-register. 

At receipt of RS advance out of IOPH05 
(all ORDERS). At receipt of RS advance 
out of IOPH09 (Data- In/Data-Out). At 
receipt of RS advance out of IOPH14 
(Terminal Order). At OFIT advance to 
IOPH15 and establish WAIT. 
Used only in IOPH09 where final byte is 
being stored (Data-in). No RS is nec- 
essary - this inhibits IT upcount. 






RAUC/1 


IOPH01.NIOADV/1 
IOPH02.(NIOAVO.NOFIT) 
IOPH05060914 . NIOADV/2 
IOPH11.IOG 

IOPH15 


RA-register is set for use as IT (counts 

up until the receipt of FSL) 

RA-register is set to increment to odd 

I/O channel address 

RA-register is set for use as IT (counts 

up until receipt of RS) 

RA-register is set to increment to odd I/O 

channel address to insert MPE flag in 2nd 

word of new IOCD 

RA-register is set to increment to odd I/O 

channel address to transfer updated 2nd 

word of IOCD 






RAX01 


RAX01/EN. IOADV 
IOPH03.NIORST 


RA-register is set to 1 prior to use as IT 
in IOPH01 or to address of P-reg. (1) at 
a forced ENDE/2 

RA-register is set to 1 for IT in IOPH05 or 
to P-reg. add. (1) at a forced ENDE/2 








IOPH08 




RA-register is set to 1 for IT in IOPH09 








IOPH13 




and IOPH14 or to P-reg. add. (1) at a 
forced ENDE/2 








IOPH16 


RA-register is set to address of P-reg. at 
ENDE/2 for next instruction ADD. 
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Table 3-2. I/O Service ConnecHon Sequence Control, Conrd. 





Control by Data Transfer Terms, 


Contd. 


I/O 


Hex 


Basic 






Phase 


Display 


Operation 


Associated Terms 


Comments 






RA-register 


(During IOPH02,05,06, 10 
and IOPH15) 

(During IOPH03 and 16) 

(During IOPH12-) 


The RA-register contains the decoded 
device address which is the address of 
the even no. I/O channel register. 
The RA-register contains the address of 
the odd no. I/O channel register. 
As a result of an MPE indication (see 
RAUC/1) the RA-register contains the 
address of the odd no. I/O channel 
address . 






DXMRC 


(MC2.NMWRITE)-present in 
IOPH04-all orders 
IOPH08-Data (3 passes) 
IOPHU-IOCD (2 passes) 


D-register contains a word from the data 
table as the result of a memory cycle - 
S/MC1 = LXJ.NLCI is preset in IOPH02. 
It is also preset in IOPH06 and IOPH09 
if the BC is even (NHI5) after decrement- 
ing in IOPH05 and IOPH07. A memory 
cycle is inhibited if BC is odd 
(IOPH060914IOR.H15)or end data is 
high (IO:ED), count is not done and data 
chaining is not called for 
(IOPH060914IOR.(IOED/EN + IO:ED). 
NIO (H01.BCEZ). 






S/MWRITE 


IOPH0609BDI.(IOED+NH15). 
NIOG 


D-register contains a word to be written 
into the data table after data from a 
device has altered the word from the 
data table. A memory cycle is required 
for writing-in and S/MC1 is preset in 
IOPH06, IOPH09 if the BC is even. A 
memory cycle is inhibited if the BC is 
odd (refer to DXMRC for conditions). In 
order to write during a memory cycle, 
S/MWRITE must be high (MREAD low). 
This takes place in IOPH06 and 09 if the 
BC is even (NH15) or end data is present 
and count is not done . 






IOLXD/0 


IOLXD/EN.H15.IORSBEN 


During an Order-out/Data-out, byte is 
transferred to the lOL-register for output 
to the device if RS has been received, 










the BC is odd and count done is not present. 



Control by Data Transfer Terms, 


Contd. 


I/O 


Hex 


Basic 






Phase 


Display 


Operation 


Associated Terms 


Comments 






IOLXD/1 


. . NH15 . . 


(Refer to IOLXD/0 ... Byte 1 in D is 
transferred to the lOL-register for out- 
put to the device if the BC is even, 

Device data is transferred to byte in 






DXIO:DA/0 


IOPH0609BDI.IORSB.H15 










the D-reg. if RS is received and BC in 










IOPH05 and 07 is odd. 






DXIO:DA/l 


. . NH15 . . 


Device data is transferred to byte 1 in 
the D-reg. if RS is received and BC is 
even (refer to DXIO:DA/0) 






LXJ/1 


IOPH02.(NIOAVO.NOFIT) 

IOPH0609B.IOIOR.NH15 

ENDE/2 


Word Address (WA) of data table trans- 
ferred to LA-register if AVO has not 
been received and IT has not runout. 
Incremented WA transferred to LA-reg. 
if order/data-out and BC is even after 
decrement in IOPH05/IOPH07. 
Next instruction address transferred 
from P-register. 






SXJ 


IOPH02 

IOPH0609B-1.(NIOG.NH15) 

IOPH11.NIOG 


WA from I/O channel register (even) to 

increment. 

To increment WA IOPH06 and IOPH09 

if BC is even and count is not done. 

Address of 1st word of new IOCD to 

increment for second word. 






LXS 


IOPH0609B.IODI.H15.SW1 
(Data-in) 

IOPH09.IOG.H01 
IOPH12.NIOG 


Incremented WA in S-reg. transferred to 
LA-register during IOPH09 only, if BC 
in IOPH07 is odd. LXS is inhibited 
in IOPH06 if BC is odd in IOPH05. 
1st phase of Data Chain. WA of 1st word 
of IOCD is transferred to LA-reg. 3rd 
phase of Data Chain. WA of 2nd word 










of IOCD is transferred to LA-register. 
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Control by Data Transfer Terms, 


Contd, 


I/O 


Hex 


Basic 






Phase 


Display 


Operation 


Associated Terms 


Comments 






HXJ 


IOPH05B.NLCI 
IOPH07.NIOG 


Transfer decremented BC back into the 
H-register. This is inhibited for LCI. 
Transfer decremented BC back into the 
H-register, as long as count is not done. 






HX 


IOPH03.LCI 
IOPH17 


For LCI, transfer all zeros to H-reg. 
instead of BC from I/O channel reg.(odd) 
Zeros to H-register at ENDE/2 






S/RW/1 


IOPH060I 

IOPH0609B-1 .IOEDZDATA 

IOPH12.IOG 

IOPH14.IORSB.NIOOI. 
(NH01+NBCEZ) 
IOPH15.NIOOI. 
(NH01+NBCEZ) 


Preset for transfer of Order-in from 
device to the even No. I/O channel reg. 
Preset for transfer of updated WA to I/O 
channel reg. (even) when end data is 
received. 

IOPH13 definition - Preset RW for trans- 
fer of MPE bit in T.O. to flag position 
in odd I/O channel register. 
Preset for transfer of updated WA in even 
I/O channel register. 
Preset for transfer of updated BC in odd 
I/O channel register. 
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3-10 FETCHING AND STORING DATA - PCP CONTROL 



3-11. Table 3-3 contains step-by step procedures for fetching and storing data using the 
switches on the PCP panel. This table is included to point the maintenance personnel to 
the logic circuits effected by these procedures. 



Table 3-3. Fetching and Storing Data Procedures - PCP Control 



Step 


Procedure 


Expected Results 


Figure Ref. 
3-12 


Procedure A: Fetch Data From Memory Location and Display Data 


1 


Set COMPUTE switch to 
center position (idle) 


Logic level KIDLE set by this position 
resets the NIDLE (STEP/RUN) latch. 
NIDLE+KCONT-1 = PREO (Idle phase) 


Sh2 
Sh 17 


2 


Set DATA toggle switches 
0-1 5 to desired memory 
address 


Logic levels set by these switches are 
KD00- KD15 


Sh 1 


3 


Rotate SELECT switch to S 


Logic level KSEL/S is high. KSEL/S 
is used to gate data transfer term SXJ 
when DATA switch (step 4) is actu- 
ated. KSEL/S also gates the contents 
of S to the lamp driver circuits for 
display 


Sh9 

Sh56 
Sh 10-13 


4 


Momentarily set DATA 
switch to ENTER 


Logic level NKENTER/B is low. 
JXKD is high and the address set by 
switches in step 2 is transferred to 
the J-bus. Logic level KENTCLR/B 
is high and transfer term SXJ is high 
(KSEL/S. KENTCLR/B = SXJ). 
Logic level KENT/CLEAR is high. 
KENT/CLEAR. IDLE. CLB = STEP. 
STEP. IDLE. CLA = CLOCK = CLEN = 
CL,CK and RUN lamp is on. A mo- 
mentary burst of clocks loads the S- 
register with address on the J-bus. 


Sh 8 
Sh 41 

Sh-56 
Sh8 
Sh 5 
Sh7 

Sh 58 


5 


Set MEMORY MODE 
switch to FETCH 


Logic level NKPROGRAM is high and 
KDEPOSIT is low. NKPROGRAM. 
PREO = LXS. At the receipt of the 
first CL (step 6) the address in S is 
transferred to the memory address 
latches (LA-register). 
With KDEPOSIT low, S/MWRITE is 
low (MWRITE/SEN1. KDEPOSIT. 
PREO) making MREAD high. 


Sh 8 
Sh60 

Sh 60,61 
Sh 15 
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Table 3-3. Fetching and Storing Data Procedures - PCP Control, Contd. 



Step 


Procedure 


Expected Results 


Figure Ref. 
3-12 


6 
7 


Procedure A Contd. 

Momentarily set COMPUTE 
switch to STEP and return 
MEMORY MODE SW 
TO NORMAL 

Rotate SELECT switch to D 


LXS = S/MC1. A memory cycle is 
initiated. 

Logic level KSTEP is high. 
KSTEP= NIDLE. 

NIDLE.KCONT-1 = STEP = CLOCK = 
CLEN = CK, CL and RUN lamp is on. 
A burst of clocks executes the memory 
cycle initiated in Step 5 and data is 
fetched from address in LA-register 
and deposited in the D-register. 
MC2.NMWRITE = DXMRC/1/0. 
MRCOO- 1 5 . DXMRC/1/O-D00-D 15 . 

Logic level KSEL/D is high. KSEL/ 
D.ND00-ND15 = KDIS00-KDIS15. 
Contents of D-register is displayed 
on PCP by lamp driver circuits. 
(KDIS00-15.NDISPLAY/J)= KLD00- 
KLD15 


Sh 2 
Sh5 
Sh7 

Sh44 
Sh 46-49 

Sh9 

SH 10-13 


Procedure B: Fetch and Display Data From Successive Locations 


1 


Perform STEPS 1-7 of 
Procedure A 


Contents of the first selected address 
is in the D-register and is displayed. 
Note: When COMPUTE switch is 
released from Step to Idle (PREO) 
S/JXSP1 is high. The contents of 
S-register (Step A4) is transferred to 
the adder (S/JXSP1 = S/JPRXS) and 
a one is placed in the LSB position of 
the adder (S/JXSP1 = JK15/1). An 
addition is performed and the incre- 
mented address is on the J-bus at 1st 
clock (PRE1) 


Sh36 
Sh32 



Table 3-3. Fetching and Storing Data Procedures - PCP Control, Contd. 



Step 


Procedure 


Expected Results 


Figure Ref. 
3-12 




Procedure B Contd. 






2 


Set ADDRESS switch to 


Logic level KADDRINCR is high. At 


Sh8 




INCR 


the 2nd clock (PRE2) the incremented 
address on the J-bus is transferred to 








the S-reg. (KADDRINCR. PRE1=SXJ). 


Sh56 


3 


Momentarily set COMPUTE 


At the first STEP (burst of clocks) the 






switch to STEP 


contents of D do not change since 
the address in the LA-register did not 
change. However, at the 2nd setting 
to STEP the contents of the next se- 
quential location is in the D-register. 
This will continue at each following 
STEP setting. 




4 


Retrurn PCP switches to 


(Refer to table 3-1, step 3) 






NORMAL MODE condition 






Procedure C: Store Data in a Designated Memory Location 


1 


Perform Steps 1 through 4 


The S-register contains the address 






of procedure A 


of the memory location. 




2 


Rotate SELECT switch to D 


Logic level KSEL/D is high. 
KSEL/D gates the transfer term DXJ 
when DATA switch (Step 4) is actu- 


Sh9 






ated. KSEL/D also gates the contents 


Sh 10-13 






of D to the lamp driver circuits for 








display. 
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Table 3-3. Fetching and Storing Data Procedures - PCP Control, Contd. 



Step 


Procedure 


Expected Results 


Figure Ref. 
3-12 


3 


Procedure C Contd. 

Set DATA toggle switches 
0-15 to desired storage 
value 


Logic levels set by these switches 
are KD00-KD15 


Sh 1 


4 


Momentarily set DATA 
switch to ENTER 


Logic level NKENTER/B is low. 
JXKD is high and the desired storage 
value set in Step 3 is transferred to 
the J-bus. Logic level KENTCLR/B 
is high and transfer term DXJ is high 
(KSEL/D. KENTCLR/B = DXJ). 
Logic level KENT/CLEAR is high. 
KENT/CLEAR. IDLE. CLB = STEP. 
STEP. IDLE. CLA = CLOCK. CLB = 
CLEN.CLA = CL,CK and RUN lamp 
is on. A momentary burst of clocks 
loads the D-reg. with desired storage 
value, and this value is displayed. 


Sh8 
Sh 41 

Sh45 
Sh8 
Sh5 
Sh7 


5 


Set MEMORY MODE to 
DEPOSIT 


Logic levels KDEPOSIT and 
NKPROGRAM are high . Data 
transfer term DXJ remains high 
(KDEPOSIT.PRE0=DXJ). 
NKPROGRAM. PRE0= LXS. At 1st 
clock the address of memory location 
is transferred from S to the memory 
address latches (LA-register). 
LXS = S/MC1 and a memory cycle is 
initiated. MREAD is low as 
S/MWRITE is high (MWRITE/SEN1. 
KDEPOSIT. PREO) 


Sh8 

Sh45 
Sh60 

Sh 61 

Sh 15 



Table 3-3. Fetching and Storing Data Procedures - PCP Control, Contd. 



Step 


Procedure 


Expected Results 


Figure Ref. 
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Procedure C Contd. 






6 


Momentarily set COMPUTE 


Logic level KSTEP is high. KSTEP = 


Sh2 




switch to STEP and return 


NIDLE 






MEMORY MODE TO 


NIDLE.KCONT-1 = STEP = CLOCK = 


Sh5 




NORMAL 


CLEN = CK,CL and RUN lamp is on. 
A burst of clocks executes the memory 
cycle initiated in step 5 and the data 
in the D-register is stored in the 
memory location established in step 1. 


Sh7 
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3-12 PROGRAM CONTROLLED OPERATION 

3-13. When under Hie control of a program, the data flow within the CPU is according to 
the instructions contained in the program (software). Each instruction is interpreted, prepared 
and executed by the logic circuits (hardware) which constitutes the CPU. 

3-14. When the Sigma 3 system is performing in the normal RUN mode of operation, the 
CPU logic circuits are automatically executing the program (sequential instructions) controlling 
the processing of data. During program or machine maintenance procedures, however, it may 
be necessary to step through a program or a section of the program and thereby execute and 
stop after the execution of each instruction. This type of procedure is manually controlled at 
the PCP by setting the MEMORY MODE and ADDRESS switches to NORMAL and momentarily 
setting the COMPUTE switch from idle to STEP, each STEP thereby fetching and executing 
the next sequential instruction. 

3-15. The PCP also provides the means to manually clock-step through the preparation and 

execution phases of an individual instruction. It is this mode of operation that is used in 

this section to describe the detailed principles of the program-controlled operation of the CPU. 

3-16 INSTRUCTION PREPARATION SEQUENCE 



The instruction preparation sequence is the interrogation of the instruction to establish control 
logic levels for the execution of that particular instruction. All instruction operation-code 
fields (bits 0-3) are interrogated in the same manner, however, the remaining RIXS field 
(bits 4-7) and displacement field (bits 8-15) for all instructions except COPY, are examined 
to establish a 16-bit effective address. This effective address falls into two classifications, 
one where it is used to access memory and the other where it is used to establish the mode and 
function of the instruction. The effective address used to access memory involves the Memory 
Reference instructions (LDA, STA, LDX, ADD, SUB, AND, IM, and B) and the Branch on 
Condition (BOC). The Memory Reference instruction accesses memory for the operand of the 
instruction and the BOC accesses memory for the next instruction. The effective address to 
establish mode and function involves the SHIFT and DIRECT CONTROL instructions. 



3-17. No effective address is established for the COPY instruction, the RIXS and displacement 
fields are not used as such. Bits 4 through 15 are interrogated to establish the necessary control 
logic levels for executing the operations between any two general registers within the CPU. 

3-18. The effective address of an instruction is established by the examination of the RIXS field 
to compute the final 16-bit address value, starting with the displacement field value of the 
instruction. For the effective address to access memory, the R and S bits (4 and 7) are examined 
to determine the reference address which can be non-relative (R=0, S : =0) or base-relative (R ; 0, S=l) 
or R bit alone, self-relative (R=l). The BOC instruction automatically invokes self-relative 
addressing and the effective address is computed in this manner. Bits 4, 5, and 6 are examined 
to establish the conditions for branch), 

3-19. The 1-bit is examined to determine the direct address, this is equal to the reference 
address (1=0) or the reference address is treated as an indirect address (1=1). The X-bit is 
examined to determine the effective address which is equal to the direct address (X=0) or 
the direct address plus the contents of general register X1(X=1). 

3-20. For those instructions where the effective address is used, not for memory access but 
to establish mode and function, the RIXS field invokes non-relative, direct addressing 
(RIXS=0000) or base-relative, direct addressing (RIXS=0001). In the first case, the config- 
uration of the displacement field (8-15) and zeros extended from bit 7 to bit zero, the 
effective address equals mode (bits 0-3) and function (bits 4-15) of the Direct Control 
instruction, or the type and number of shifts of a shift instruction (bits 0-7 are ignored). 
Where the RIXS field invokes base-relative addressing, the mode and function information 
is loaded into general register X2 and added to the displacement field (RIXS =0001) to establish 
the final configuration. 

3-21 . Figure 3-8 shows the data flow within the CPU during the instruction preparation 
phasos, and table 3-5 supports the figure in explanation of the control of data flow. To 
clock-step through the preparation phases, perform procedure in table 3-4. 
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Table 3-4. Instruction Preparation - Clock-step Procedure 









Figure Reg. 


Step 


Procedure 


Expected Results 


3-12 


1 


Perform Data fetch 


The D-register contains the instruction 






Procedure A of table 


to be stepped through the preparation 






3-2. Place the address 


phases. 






of the desired instruc- 








tion in the S-register 








and bring the instruc- 








tion into D. 






2 


Set CLOCK switch to 


Logic level KSTOP is high. 


Sh 2 




STOP 


KSTOP.IDLE.KIDLE.CLB = STEP. 
STEP. IDLE. CLA = CLOCK = CLEN/M. 


Sh 5 






CLB = CLEN.CLA = CK,CL and RUN 


Sh7 






lamp is on (clock latch is off). 




3 


Set COMPUTE switch 


Logic level KRUN and NIDLE are high. 


Sh 2 




to RUN 


NSTEP/M.CLB = STEP/E = NSTEP.CLA= 








NCLOCK. Run lamp is off (clock latch 


Sh7 






is on). NIDLE.PRE0=PRE0. 


Sh 17 




Note: Steps 1-3 are prep 


oratory to clocking through the prep 






phases of the instr 


jction. Step 4 starts the sequence. 




4 


Momentarily set CLOCK 


Logic level KSCLK is high. 


Sh 2 




switch to STEP 


KSCLK.KRUN.CLB = STEP. This is the 
first condition for lifting the clock latch. 


Sh5 






When CLOCK switch is returned to STOP, 


Sh 2 






KSTOP is high. STEP. KSTOP. CLB = 








CLOCKEN.CLA = CLOCK, CLOCK = 


Sh 5 






CLEN/M. CLB = CLEN.CLA = CK,CL. 


Sh 7 






The clock latch is removed on each return 








to KSTOP allowing one CL, ,CK, each 








STEP. Each clock executes a phase in 


Sh 17, 18 






the instruction preparation phase se- 








quence, 1-7. The PREP lamp is on during 








all prep phases if SELECT switch is set to 








PH. (KSEL/PH.NPREP-1 - KDIS00 = 


Sh 11 






KLDOO). 





3-22 SOURCE OF NEXT INSTRUCTION ADDRESS 

Prior to the instruction preparation sequence, the address, of the instruction must be brought 
into the memory address latches, the LA-register, in order to fetch the instruction from memory 
into the D-register. In the NORMAL RUN mode of operation, the next instruction address is 
selected at the end of the execution phase (ENDE) of the previous instruction. Depending on 
the type of previous instruction ending, the new address can come from the H-register, the 
P-register or the S-register. 

3-23. Figure 3-7 shows the address data flow to the LA-register. For instructions having an 
ENDE/3 type of ending, BOC, the address of the next instruction is the effective address 
previously placed in the LA-register and H-register at the end-preparation phase of the 
instruction. This effective address (E.A.) is used at ENDP of FABR/1 (ENDE/3) and execution 
PH2 of FARB/X (also ENDE/3) if the branch is to the effective address. 

3-24. For instructions having an ENDE/2 type ending, FUSFT, FAMANY, and after an I/O 
service call or interrupt sequence, the next instruction address is from the P-register. The 
I/O or interrupt sequence, interrupts the program at ENDE. IRQ to perform the sequence. 
Note (figure 3-7) that ENDE-1JRQ will inhibit S/JK15/1 which is used for an H+l or S+l 
to update P when entering the PREP phase of the next instruction. When the program is 
interrupted, the P-register is not updated and, at the conclusion of the IRQ, the return to 
the program is to the address which was in P at the time of the interrupt. 

3-25. During the execution of FAMANY, the effective address is incremented in the S- 
register and therefore the S-register does not contain the next address and it is necessary to 
return to the P-register. During FUSFT, the S-register is used as a shift-register and cannot 
contain the next instruction address, therefore it is necessary to return to the P-register for 
the next address. For the remaining instructions, those having an ENDE/1 type ending, the 
next instruction address is from the S-register. This is for the major portion of the instructions, 
including Ph2 of FABR/X if it falls through. 

3-26. In the step-clock mode of operation, the ENDE conditions have no significance, for 
the instruction address has been placed in the LA- and S-registers by the DATA toggle switches 
on the PCP. The preparation sequence (table 3-5) therefore, begins with PREO (idle state) 
instead of PRE1 as in the NORMAL RUN mode. In addition, it should be noted that the hex- 
display for PH in PRE1, table 3-5, does not reveal the adder control for H plus 1 (the updating 
of P using the incremented E.A.) 8089. This display is present only at an ENDE/3 type of 
previous instruction ending. The S+l indication in column J for PRE1 would also contain an 
H+l or S(P)l 1 for updating the P-register, depending on the type of ending. 
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Figure 3-7. Source o exr Instruction Address at End of Instn ion Execution (ENDE) 
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RIXS 


DISPLAY (Ref. Figure 3-8) 




Figure 
Ref. 3-J2 


Field & 




Comments 




















Clock 


PH 





LA 


S 


D 


J 


H 


P 


SW1 






RIXS= 


8000 (PREO) 


0001* 


Instruction 


Instruction 


Instruction 


Instruction 


_ 


Instruction 





(Refer to table 3-4 for control logic and figure reference) *A previous 




thru 7 




(RA4) 


Address 


Address 




Address 




Address 




execution phase or ENDE brings up S/RA4. 


Sh 63,65 






























RA4 = address of P-register. This remains until PRE3. 




1st 


8011 (PRE1) 


0001* 














S+ 1 


_ 









Adder control S/JXSP1 preset in PREO. PRE0=S/JXSP1 . 


Sh36 






(RA4) 


=0-F 




T 
















S/JXSP1=S/JPRXS and S/JK15.(PRE1 .KADDRINCR) presets SXJ & 

PRE! also equals S/JPRXS for an S to J transfer in PRE2. 

HXR is preset by PRE1 . JPRXS for aPtoH transfer in PRE2. 

PRE! .NKDEPOSIT=S/RW. This brings RWRITE high in PRE2 for writing 


Sh 36,32 
Sh 56,36 
Sh53 
Sh68 


Ur 






| RIXS=0-7 




















into P in PRE3. 




2nd 


8010 (PRE2) 


XX21 






Next 






Next 


Instruction 









The contents of P (this instruction address) is transferred to H. 








(RW,RA4) 


i 


' 


Instruction 


T 


Instruction 


Address 


T 




The next instruction address in S is transferred to J. RW = RWRITE. 












Address 




Address 


(P) 






Byte of D-register (operation and RIXS fields) is in the O-register 
for decoding, OXD. The adder is preset to perform a JXD transfer 


Sh 19-22 






NOTE: A TRAP condition (MUL, DIV instruc without extended arithmetic 






(PRE2.NREL=S/JPRXNHD and PRE2.NREL=S/JPRXHD) in PRE3. 


Sh 37,39 






option, memory protect violation or the MPE interrupt indication) 






PRE 2 = S/SW1 . 


Sh 28 






will set a WAIT at ENDP. 












PRE2.NFUCPY presets RAZ address of XI for PRE3. 


Sh 66 




















1 


RWRITE. CK = Contents of J (next instruction address) is loaded 


Sh69 


3rd 


8040 (PRE3) 


X004*** 


Instruction 


Instruction 


Instruction 


Displ Fid 


Instruction 


Next 




(35 nsec prior to JXD) into P, RA4 (PRE2) = address of P. The adder 


Sh65 


RIXS=0 




(RA2) 


Address 


Address 




and zeros 


Address 


Instruction 




performs a JXD on byte 1 only. PRE3 inhibits the transfer of byte 0, 


Sh 37,39-42 


and 












in byte 0= 




Address 




therefore, J00-J07 are zero. 




FUCPY 












Effective 
address 
(E.A.)or 
bits 8-15 
of FCPY 








**For FUCPY, the 2nd MSD in the hex -display for can be any value 
from to E, excluding 3, 7, and B. 

***For FUCPY, the LSD in the hex-display for can be any value from 
2 through 7 depending on the address of the source register. (PRE2. 
FUCPY).DI3,DI4,DI5=S/RA2,S/RA3,S/RA4, respectively). 


Sh 65,66 


















End Prepatation 


For FUCPY, ENDP. FUCPY presets HXR for source register transfer to 


Sh 53 


















(ENDP) 


the H-register in PHI. 
























Excluding FUCPY, ENDP- 1 .NFUCPY presets HXJ for effective address 


Sh 52 






















transfer to the H-register in PHI, 
























For all instructions, ENDP.NENDE/1 presets LXJ for effective address 


Sh60 






















transfer to the LA-register in PHI. With LXJ high, a memory cycle is 


Sh 15 






















initiated (5/MCJ) for PHI for all memory reference instructions (incl 
























B,BOC, excl SHIFT). All other instructions (FAOP1) inhibit S/MC1. 


Sh 22 






















Excluding FUCPY, and FAMANY, the address of the accumulator (RA2, 
























RA3, RA4) is preset by ENDP.NENDE.N(FUBOC+FUCPY).NFAMANY= 
























RAX07-RAX06/1 and S/RA4. RAX06/1=S/RA2 and S/RA3 and RAX. 


Sh 63-66 






















For FAMANY, the address of the starting reg is preset by (ENDP. 
























FAMANY). LM13,LM14,LM15=S/RA2,S/RA3,S/RA4. Also ENDP. 


Sh 65-66 






















FAMANY presets SXJ transfer to increment E.A. of associated instruction. 


Sh56 



Table 3-5. Instruction Prep Phase Sequence Control (sheet 1 of 9) 



3-20 



•s 


DISPLAY (Ref. Figure 3-8) 










F 1 u 


r id A 










Comments 


Ref. 3-12 




















• :ck 


PH 





LA 


S 


D 


J 


H 


P 


SW1 






1 S=l 


(Refer to PREO through PRE2 of RIXS configurations (0-7) on sheet 1 of this table 
exception. The second MSD of the Hex display for will indicate the value o 


, with one 
the 












associated RIXS field) 




















J 


8048 (PRE3) 


X105 


Instruction 


Next 


Instruction 


Displ Fid 


Instruction 


Next 


1 


RWRITE.CK-Contents of J (Next Instruc Add.) is loaded(35 nsec prior 


Sh69 






(RA2&.RA4) 


Address 


Instruction 




and zeros 


Address 


Instruction 




to JXD) into P, RA4 (PRE2) = address of P. The adder performs a JXD 


Sh65 












Address 








Address 




on byte 1 only. PRE inhibits the transfer of byte 0, therefore, J00-J07 


Sh 37,39-42 




























are zero. 

((PRE3+4).NENDP) presets DXJ for transfer of J to D in PRE4. 


Sh45 




























((PRE3M).NENDP) presets HXR to transfer the contents of X2 to H in PRE4. 


Sh 53 




























PRE2.NFUCPY.NREL.07 S/RA4 & S/RA2=PRE2.NFUCPY=X2. 


Sh 65 




























((PRE3H4).NENDP).N/(S/PRL5)=S/JXHPD presets an ADD operation for 


Sh 35 




























PRE4. ((PRE3i4).NENDP) presets RA2 for PRE4. 


Sh 63,66 




80E0 (PRE4) 


X104 










Contents of 


Hi D= 


Contents 








Contents of X2 are transferred to the adder (H-reg) and the contents of D 








(RA2) 


J 


' 


i 


' 


J=subtotal 


subtotal 


of X2 


T 




(partial E.A,) are in the adder. An ADD operation is performed to produce 














E.A. 


E.A. plus 
(X2)=E.A. 






END 
PREP 
(ENDP-1) 


the final E.A. JXIIPD-JPRXHND, JPRXNHD, JGXHD. 

ENDP-1. NFUCPY presets HXJ for transfer of E.A. to H in PHI. 

ENDP.NENDE/1 presets LXJ for transfer of E.A. to LA in PHI. 

LXJ presets a memory cycle (S/MC1) for PHI for all memory reference 

instruc. (incl B,BOC,excl shift). All other instructions (FAOP1) inhibit 

S/MC1. 

For all instructions except FAMANY, the address of the accumulator (RA2, 

RA3, RA4) is preset for PHI by ENDP.NENDE.N(FUBOC+FUCPY). 


Sh 37,39-42 

Sh52 
Sh60 
Sh 15 
Sh 22 






















NFAMANY=RAX07-RAX06/1 and S/RA4. RAX06/1 =S/RA2, S/RA3, RAX. 


Sh 63-66 


S=2 


(Refer to PR 


E0 through P 


RE2 of RIXS c< 


infigurations ( 


0-7) of sheet 


1 of this table 


with one 












exception. The second MSD of the Hex-display for will indicate the value of the 












associated RIXS field) 














1 


RWRITE.CK=Contents of J (Next instruc add) is loaded(35 nsec prior to 


Sh 69 




8048 (PRE3) 


X204 


Instruction 


Next 


Instruction 


Displ Fid 


Instruction 


Next 




JXD) into P, RA4 (PRE2) = address of P. The adder performs a JXD on 


Sh 65 






(RA2) 


Address 


Instruction 




and zeros 


Address 


Instruction 




byte 1 only. PRE3 inhibits the transfer of byte 0, therefore, J00-J07 


Sh 37,39-42 












Address 




in byte 




Address 




are zero. 






























((PRE3i4).NENDP) presets DXJ for transfer of J to D in PRE4. 


Sh45 




























((PRE3M).NENDP) presets HXR to transfer the contents of XI to H in PRE4. 






























PRE2.NFUCPY= S/RA2 (add. of XI) for PRE3. 


Sh 66 




























((PRE3+4).NENDP.N/(S/PRE5)-S/JXHPD presets an ADD operation for 


Sh35 




























PRE4. ((PRE3M).NENDP) presets RA2 for PRE4. 


Sh 63,66 




























Contents of XI are transferred to the adder (H-reg.) and the contents of D 




- h 


80E0 (PRE4) 


X204 










Contents of 


H+D 


Contents 








(partial E.A.) is in the adder. An ADD operation is performed to produce 








(RA2) 


1 


' 


1 


' 


J=subtotal 


subtotal 


of XI 


1 


' 




the final E.A. JXHPD = JPRXHND, JPRXNHD, JGXHD. 


Sh 37,39-42 












E.A. 


E.A. plus 
(X1H.A. 






ENDP 


For ENDP conditions see RIXS=1 





Table 3-5. Instruction Prep Phase Sequence Control (sheet 1 2 of 9) 



3-21 



RIXS 


DISPLAY (Ref. Figure 3-8) 






Figure 


Field & 
Clock 






Comments 


PH 





LA 


S 


D 


J 


II 


P 


SW1 


Ref. 3-12 


RIX=3 


(Refer to PREO through PRE2 of RIXS configurations (0-7) on sheet 1 of this tabic 
exception. The second MSD of the Hex-display for will indicate the value < 


j, with one 
if the 












associated RIXS field) 




















3rd 


8048 (PRE3) 


X305 


Instruction 


Next 


Instruction 


Displ Fid 


Instruction 


Next 


1 


RWRITE.CK = Contents of J (next instruc add) is loaded(35 nsec prior to 


Sh69 






(RA2,RA4) 


Address 


Instruction 




and zeros 


Address 


Instruction 




JXD)into P, RA4 (PRE2) = add. of P. 


Sh65 












Address 




in byte 




Address 




The* adder performs a JXD on byte 1 only. PRE3 inhibits the transfer of 


Sh 37,39-42 




























byte 0, therefore J0G-J07 are zero. 






























((PRE3+4).NENDP) presets DXJ for transfer of J to D in PRE4 


Sh45 




























((PRE3l4).NENDP) presets HXR to transfer the contents of X2 to H in PRE4. 


Sh 53 




























PRE2.NFUCPY.NREL.07 = S/RA4 and PRE2.NFUCPY = S/RA2. 


Sh65 




























RA2, RA4 = add of X2. 


Sh66 




























((PRE3+4).NENDP).N(S/PRE5)=S/JXHPD presets an ADD operation for 


Sh 35 




























PRE4. ((PRE3i4).NENDP) presets RA2 for PRE4. 


Sh 63,66 




























((PRE3+4).NENDP). . .=S/SW1 


Sh 28 


4th 


80E0 (PRE4) 


X304 
(RA2) 










Contents of 

J=subtotal 

E.A. 


H+D- 
subtotal 
E .A. plus 
<X2) 


Contents 
of X2 






1 


Contents of X2 is transferred to the adder (H-register) and the contents 
of D (subtotal E.A.) is in the adder. An ADD operation is performed 
to produce another subtotal E.A. 
JXHPD = JPRXHND, JPRXNHD, JGXHD. 
((PRE3<4).NENDP) presets DXJ for transfer of J to D in PRE7 
((PRE3+4).NENDP) presets HXR to transfer the contents of XI to H in 
PRE7. ((PRE3)4).NENDP) presets RA2 for PRE7 
((PRE3i4).NENDP).N(S/PRE5)=S/JXHPD presets an ADD op for PRE7 


Sh 38,39-42 

Sh45 

Sh 53 

Sh 63,66 

Sh35 


5th 


80E0 (PRE7) 


X304 


' 


r 


1 


' 


Contents of 


H+D= 


Contents 


T 




Contents of XI is transferred to the adder (H-register) and the contents 








(RA2) 






J=subtotal 
E.A. 


subtotal 
E.A. plus 
(X1)=E.A. 


of XI 






of D (subtotal E.A.) is in the adder. An ADD operation is performed 

to produce the final E.A. 

JXHPD = JPRXHND, JPRXNHD, JGXHD. 


Sh 37,39-42 


















ENDP 
1 


For ENDP conditions see RIXS=1 





Table 3-5. Instruction Prep Phase Sequence Control (sheet 3 of 9) 



3-22 



RIXS 




DISPLAY (Ref. Figure 


3-8) 




Figure 
Ref. 3-12 


Field & 








Comments 




















Clock 


PH 





LA 


S 


D 


J 


H 


P 


SW1 






RIXS=4 


(Refer to PREO through PRE2 of RIXS configurations (0-7) on Sheet 


1 of this table, with one 












exception. The second MSD of the Hex-display for will indicate the value of the 












associated RIXS field) 




















3rd 


8048 (PRE3) 


X404 


Instruction 


Next 


Instruction 


Displ Fid 


Instruction 


Next 


1 


RWRITE.CK = contents of J (next instruc add) is loaded (35 nsec prior 


Sh69 






(RA2) 


Address 


Instruction 
Address 




and zeros 
in byte 


Address 


Instruction 
Address 




to JXD)into P; RA4 (PRE2) = address of P. 

The adder performs a JXD on byte 1 only. PRE3 inhibits the transfer of 


Sh65 

Sh 37,39-42 
















(Indirect 










byte 0, therefore, J00-J07 = zero. 


















Address) 










(S/JXHMl)i(S/PRE5H/JGXHND (JXH). This defines PRE5, however, 

H to J in PRE5 is not significant for this RIXS. 

((PRE3+4).NENDP) presets DXJ for a J to D transfer (Not Significant) 

((PRE3+4).NENDP) presets HXR for an X2 or XI transfer to H (not 

significant). ((PRE3+4).NENDP).N(S/PRE5) presets S/JXHPD for an ADD 

op in PRE5 (not significant). 

((PRE3M).NENDP presets RA2 for PRE5 (not significant). 

ENDE/2+(S/PRE5) presets LXJ for transfer of J to LA in PRE5. 

LXJ presets a memory cycle (S/MC1) for PRE5. 

((PRE3+4). NENDP). JGXHD. 05+(05. N07)=S/PRE5 


Sh 38 

Sh45 
Sh 53 
Sh35 

Sh 63,66 
Sh60 
Sh 15 
Sh 18 


4th 


8002 (PRE5) 


X484 
(MC1,RA2) 


Indirect 
Address 






Indirect 
Address 


Not signif 


Contents 
of XI 








Indirect address on J transferred to LA-register and memory cycle started 
(MCI). (PRE5)6).N06 presets HX to clear H-register. 


Sh 52 




























(PRE5+6).MC1 presets S/JGXHND (JXH). This defines PRE6 and presets 






























an H to J transfer in PRE6. 


Sh38 


5th 


8002 (PRE6) 


X404 
(RA2) 










Contents of 

Indirect 

Address 

1 


Not signif 


All zeros 








DXMRC.MRC00-MRC15 = D00-D15, memory read data (contents of 
indirect address) in the D-register. (PRE5i6).NMCl=S/JXHPD presets 
an ADD operation for PRE7. 


Sh35 


6th 


80E0 (PRE7) 


X404 


' 


' 


' 


' 


m-D= 


All zeros 


T 




Contents of H (all zeros) and contents of D are added to produce the 








(RA2) 








Contents of 
D plus 
zeros=E.A. 








effective address. 

JXHPD = JPRXHND, JPRXNHD, JGXHD 


Sh 37,39-42 


















EN DP 


For ENDP conditions see RIXS = 1 





Table 3-5. Instruction Prep Phase Sequence Control (sheet 4 of 9) 



3-23 



RIXS 


DISPLAY (Ref. Figure 3-8) " 




Figure 
Ref. 3-12 


Field & 






Comments 




















Clock 


PH 





LA 


S 


D 


J 


H 


P 


SW1 






RIXS=5 


(Refer to PREO through PRE2 of RIXS configurations (0-7) on Sheet 1 of this table, with one 
exception. The second MSD of the Hex-display for will indicate the value of the 












associated RIXS field) 


















3rd 


8048 (PRE3) 


X505 


Instruction 


Next 


Instruction 


Displ Fid 


Instruction 


Next 


1 


RWRITE.CK = contents of J (next instruc add) is loaded (35 nsec prior to 


Sh69 






(RA2,RA4) 


Address 


Instruction 




and zeros 


Address 


Instruction 




JXD)inro P; RA4 (PRE2) = address of P. 


Sh65 












Address 




in Byte 




Address 




The adder performs a JXD on byte 1 only. PRE3 inhibits the transfer of 


Sh 37,39-42 




























byte 0, therefore, J00-J07 are zero. 






























((PRE3M).NENDP) presets DXJ for a J to D transfer in PRE4. 


Sh45 




























((PRE3M).NENDP) presets HXR for an X2 trans to H in PRE4. 


Sh53 




























PRE2.NFUCPY.NREL.07 presets RA4 and PRE2.NFUCPY preset RA2 for 


Sh 65,66 




























address of X2. ((PRE3+4).NENDP).N(S/PRE5) = S/JXHPD presets an 


Sh35 




























ADD operation for PRE4. ((PRE3+4).NENDP). , .=S/SW1 


Sh 28 




























PRE3+4.NENDP presets RA2 for PRE4 (not significant) 


Sh 63,66 


4th 


80E0 (PRE4) 


X504 


' 


1 






Contents 


H+D= 


Contents 






1 


Contents of X2 are transferred to adder (H-register). Contents of D 








(RA2) 








of J 
(Displ Fid) 


Contents of 
D plus X2= 
indirect add 


of X2 








(disp field) and H are added to produce an indirect add. 

(S/JXHMDKS/PRE5) presets JGXHND (JXH). This defines PRE5 

and presets an H to J transfer (not significant) in PRE5. 

((PRE3+4).NENDP) presets DXJ to transfer J to D in PRE5 (not significant). 

((PRE3i4).NENDP) presets HXR to transfer XI to H in PRE5 (not 

significant). 

((PRE3+4).NENDP).N(S/PRE5) = S/JXHPD presets an ADD op in PRE5 

(not significant). ((PRE3+4).NENDP).JGXHD.05+(05. N07) = S/PRE5 

ENDE/2+(S/PRE5) presets LXJ to transfer J to LA in PRE5. 

LXJ presets a memory cycle (S/MC1) for PRE5. 

((PRE3h4).NENDP) presets RA2 for PRE5 (not significant). 


Sh38 

Sh45 
Sh53 

Sh35 
Sh 18 
Sh60 
Sh 15 
Sh 63,66 


5th 


8002 (PRE5) 


X584 
(MCI, 
RA2) 


Indirect 
Address 
from J 






Contents 
of J 
(Indirect 


Not signif. 


Contents 
of XI 








Indirect address on J transferred to LA-register, memory cycle is started 

(MCI). 

(PREf>i6).N06 presets HX to clear H (all zeros) in PRE6. 


Sh52 
















address) 












(PRE5)6).MC) = S/JGXHND (JXH). This defines PRE6 and presets an 
H to J transfer in PRE6. 


Sh38 


6th 


8002 (PRE6) 


X504 










Contents of 

indirect 

address 


Not signif. 


All zeros 








DXMRC.MRC00-MRC15 = D00-D15, memory read data (contents of 
indirect address) is in the D-register. (PRE5+6).NMC1 = S/JXHPD 
presets an ADD operation for PRE7. 


Sh 44,46-49 
Sh35 


7th 


80E0 (PRE7) 


X504 


1 


f 


1 


1 


H+D= 


All zeros 


1 


' 




Contents of H (all zeros) and contents of D are added together to produce 
















Contents of 








theE.A. 


Sh 37,39-42 














D plus 








JXHPD = JPRXHND, JPRXNHD, JGXHD 
















zeros=E.A. 






ENDP 


For ENDP conditions see RIXS = 1 





Table 3-5. Instruction Prep Phase Sequence Control (sheet 5 of 9) 



3-24 



RIXS 




DISPLAY (Ref . Figure 3-8) 




Figure 


Field & 








Comments 




















Ref. 3-12 


Clock 


PH 





LA 


S 


D 


J 


H 


P 


SWI 




RIXS=6 


(Refer to PREO through PRE2 of RIXS configurations (0-7) on Sheet 


1 of this table, with one 












exception. The second MSD of the hex-display for will indicate the value of the 












associated 


RIXS field) 




















3rd 


8048 (PRE3) 


X604 


Instruction 


Next 


Instruction 


Displ Fid 


Instruction 


Next 


1 


RWRITE.CK = contents of J (next instruc add) is loaded(35 nsec prior to 


Sh69 






(RA2) 


Address 


Instruction 
Address 




and zeros 
in byte 


Address 


Instruction 
Address 




JXD)into P; RA4 (PRE2) - address of P. 

The adder performs a JXD on byte 1 only. PRE3 inhibits the transfer of 


Sh65 

Sh 37,39-4: 
















(indirect 










byte 0, therefore, J00-J07 = zero. 


















address) 










(S/JXHM1)+(S/PRE5) - S/JGXHND (JXH). This defines PRE5, however, 

H to J in PRE5 is not significant for this RIXS. 

((PRE3)4).NENDP) presets DXJ for a J to D transfer to PRE5 (not significant) 

((PRE3+4).NENDP) presets HXR for an XI transfer to H in PRE5. 

((PRE3i4).NENDP).N(S/PRE5) presets S/JXHPD for an ADD op in PRE5 

(not significant). 

((PRE3i4).NENDP) presets RA2 for PRE5 (not significant) 

ENDE/2+(S/PRE5) presets LXJ for transfer of J to LA in PRE5. 

LXJ presets a memory cycle (S/MC1) for PRE5. 

((PRE3+4).NENDP).JGXHD.05i(05.N07) = S/PRE5 


Sh38 

Sh45 
Sh 53 
Sh35 

Sh 63,66 
Sh60 
Sh 15 
Sh 18 


4 th 


8002 (PRE5) 


X684 
(MCI, 


Indirect 
Address 






Indirect 
Address 


(Not signif) 


Contents 
of XI 








Indirect address on J transferred to LA-register and memory cycle is 
started (MCI). (PRE5I6). MCI presets S/JGXHND (JXH). 


Sh 30 






RA2) 






















This defines PRE6 and presets an H to J transfer in PRE 6 (not significant). 




5th 


8002 (PRE6) 


X604 
(RA2) 










Contents of 
indirect 
address 
1 


(Not signif) 


Contents 
of XI 








DXMRC.MRC00-MRC15 ■--- D00-D15, memory read data (contents of 
indirect address) in the D-register. (PRE5+6).NMC1 presets an ADD 
operation for PRE7. 


Sh 35 


6th 


80E0 (PRE7) 


X604 


\ 


' 


\ 


' 


| 


H+D= 


Contents 


T 




Contents of XI (H-register) is in the adder and also the contents of D. 








(RA2) 








Contents of 
D plus (XI) 
=Eff. Add. 


of XI 






An ADD operation is performed to produce the E.A, 
JXHPD = JPRXHND, JPBXNHD, JGXHD 


Sh 37,39-4: 


















ENDP 


For ENDP conditions see RIXS - 1 





Table 3-5. Instruction Prep Phase Sequence Control (sheet 6 of 9) 



RIXS 






DISPLAY (Ref. Figure 3-8) 




Figure 
Ref. 3-12 


Field & 










Comments 




















Clock 


PH 





LA 


S 


D 


J 


H 


P 


SW1 






RIXS=7 


(Refer to PREO through PRE2 of RIXS configurations (0-7) on sheet 1 of this table, with one 












exception. The second MSD of the ri 


ex-display for Owill indica 


te the value of the 












associated RIXS field) 




















3rd 


8048 (PRE3) 


X705 


Instruction 


Next 


Instruction 


Displ Fid 


Instruction 


Next 


1 


RWRITE.CK = contents of J (next instruc add) is loaded(35 nsec prior to 


Sh69 






(RA2,RA4) 


Address 


Instruction 
Address 




and zeros 
in byte 


Address 


Instruction 
Address 




JXD)into P; RA4 (PRE2) = address of P. 

The adder performs a JXD on byte 1 only. PRE3 inhibits the transfer of 

byte 0, therefore, J00-J07 are zero. 

((PRE3i4).NENDP) presets DXJ for a J to D transfer in PRE4. 

((PRE3M).NENDP) presets HXR for an X2 transfer to H in PRE4. 

PRE2.NFUCPY.NREL.07 preset RA4 and PRE2.NFUCPY preset RA2 for 

address of X2. ((PRE3+4).NENDP).N(S/PRE5)=X/JXHPD presets an ADD 

operation for PRE4. ((PRE3+4).NENDP). . .=S/SW1 

PRE3+4.NENDP presets RA2 for PRE4 (not significant) 


Sh65 

Sh 37,39-42 

Sh45 
Sh 53 
Sh 65,66 
Sh 35 
Sh 28 
Sh 63,66 


4th 


80E0 (PRE4) 


X704 
(RA2) 






Contents 
of J 
(Displ Fid) 


H+D 

Contents of 
D plus (X2) 
= indirect 
address 


Contents 
of X2 




1 


Contents of X2 is transferred to adder (H-register). Contents of D (displ 

fid) and H are added to produce an indirect address. 

(S/JXHMl)l(S/PRE5) presets JGXHND (JXH). This defines PRE5 and 

presets an H to J trans (not significant) in PRE5. 

((PRE3+4).NENDP) presets DXJ to trans J to D in PRE5 (not significant). 

((PRE3+4).NENDP) presets HXR to trans XI to H in PRE5. 

((PRE3M).NENDP.N(S/PRE5) = S/JXHPD presets an ADD op in PRE5 

(not significant). 

ENDE"/2t (S/PRE5) presets LXJ to trans J to LA in PRE5. 

LXJ presets a memory cycle (S/MC1) for PRE5. 

((PRE3+4).NENDP) presets RA2 for PRE5. 

((PRE3i4).NENDP).JGXHD.05)(05.N07) - S/PRE5 


Sh38 

Sh45 
Sh53 
Sh35 

Sh60 
Sh 15 
Sh 63,66 
Sh 18 


5th 


8002 (PRE5) 


X584 


Indirect 




Indirect 


(Not signif) 


Contents 






Indirect address on J transferred to LA-register, memory cycle is started 








(MCI, 


Address 




Address 




of XI 






(MCI). ((PRE5+6).MC1) = S/JGXHND (JXH). This defines PRE6 and 


Sh38 






RA2) 
















presets an H to J transfer in PRE6. 




6th 


8002 (PRE6) . 


X704 
(RA2) 






Contents of 

Indirect 

Address 


(Not signif) 


Contents 
of XI 






DXMRC.MRC00-MRC15 = D00-D15, memory read data (contents of 

indirect address) is in the D-register. 

(PRE5+6).NMC1 = S/JXHPD presets an ADD operation for PRE7. 


Sh 44,46-49 
Sh35 


7th 


80E0 (PRE7) 


X704 
(RA2) 








H+D= 

Contents of 
D plus (XI) 


Contents 
of XI 






Contents of H (contents of XI) and contents of D are added to produce 

the effective address. 

JXHPD = JPRXHND, JPRXNHD, JGXHD 


Sh 37,39-42 


















ENDP 


For ENDP conditions see RIXS = 1 





Table 3-5. Instruction Prep Phase Sequence Control (sheet 7 of 9) 



3-26 



RIXS 
Field & 
Clock 

R|XS= 
8-F 



1st 



2nd 



3rd 



DISPLAY (Ref. Figure 3-8) 



PH 



8000 (PREO) 



8011 (PRE1) 



8010 (PRE2) 



80E0 (PRE4) 



0001* 
(RA4) 



0001* 
(RA4) 



XX21 
(RW,RA4) 



XX04 
(RA2) 



LA 



Instruction 
Address 



Instruction 
Address 



Next 

Instruction 

Address 



D 



Instruction 



Instruction 
Address 



S+l 



Next 

Instruction 

Address 



H+D= 

Contents of 
D plus (H>= 
Self-relative 
add. (This 
equals E.A. 
for RIXS= 
100S, only) 



Instruction 

Address 

(P) 



Instruction 
Address 



Next 

Instruction 

Address 



SW1 



ENDP for 
RIXS=100S 



Comments 



(Refer to table 3-4 for control logic and figure ref.) *A previous execution 
phase or ENDE brings up S/RA4. RA4 is address of P-reg. RA4 remains 
until PRE3. PR£0=S/JXSP1 presets an S plus 1 to J in PRE1 . S/JXSP1= 
S/JPRXS for the S to J trans and S/JK15 for the plus 1. 

PRE1.JPRXS presets HXR to trans P to H in PRE2. 
PRE1 = S/JPRXS presets an S to J trans in PRE2. 
PRE1.NKDEPOSIT = S/RW presets RWRITE for PRE2. 
PRE1.KADDRINCR presets SXJ for S+l (J) to S transfer in PRE2. 

The contents of P (this instruc add) is transferred to H. The next instruc 

add. in S is transferred to J. Byte of the D-register (operation and RIXS 

fields) is in the 0-regisler. PRE1 .NMC1 .CL-10OXD, trans byte in D 

to 0-register for decoding. REL.PRE2.N(S/JXHPD/1)=S/JXHPD presets for 

an ADD op in PRE4. 

PRE2.NFUCPY presets RA2 for PRE4. 

RWRITE is high for writing the next instruc add. on J-bus into P-reg. 

PRE2= S/Swl. 

RWRITE. CK = contents of J (next instruc add.) is trans to P-reg. 35 nano- 
seconds prior to the ADD op. The ADD op is carried out as follows: A 
straight forward H plus D is performed on byte 1, JXHPD=JPRXHND/1, 
JPRXNHD/1, JGXHD/1 . If the sign (S) bit is positive (0) an H to J is 
performed on byte 0, JXH=JPRXHD/0, JPRXHND/0, and the carry out of 
byte 1 (JK07) is also transferred. 

If the sign (S) bit is negative (1) an H minus 1 is performed on byte 0, 
JXHMl=JPRXNHD/0,JPRXNHND/0, JGXHD/0 and JGXNHD/0, and the 
carry out of byte 1 (JK07) is also incl. The control logic for byte is as 
follows: 

REL.07.PREP-1.SW1=DSPW and REL.N07.PREP-1 .SW1=DSPZ. 

DSPZ.NJPRXHD=JPRXHD/0 and JPRXHND/1 .NDSPW=JPRXHND/0. 

JGXHD/1 . NDSPZ=JGXHD/0 and JPRXNHD/l . NDSPZ . NPRE3= 

JPRXNHD/0 and DSPW - JGXHND/0, JPRXNHND/0. 
((PRE3+4).NENDP)=RAX04=S/RA2 (Signif for RIXS=101S, 11 IS) 
((PRE3+4).NENDP) presets DXJ for trans of J to D (101S, only) 
((PRE3+4).NENDP) presets HXR to trans XI to H (101S, 11 IS) 
((PRE3i4).NENDP).N(S/PRE5)=S/JXHPD presets ADD op for PRE7 (signif 
for 101S, only). ((PRE3f4).NENDP.JGXHD.05+(05. N07) = S/PRE5 
ENDE/2i(S/PRE5) presets LXJ for trans of indirect add. on J to LA-reg. 
in PRE5. LXJ presets a memory cycle (S/MC1) for PRE5 (signif for 11 OS 
and MIS). (S/JXHMl)i(S/PRE5) presets JGXHND. This defines PRE5 
(signif for 110S,111S). 

For ENDP see RIXS=1 plus ENDP for BOC: ENDP-2.FABR/X=SXR to trans 
XI to S in PHI. ENDP-2.FABR/X=S/JXSP1 to increment S in PHI and 
ENDP-2.FABR/X-RAX01=S/RA4 presets address of P for transfer of P to S 
for PH1/PH2-((X 1)H -zero condition (ENDE/1)). 
ENDP.FARB/1=ENDE/3=S/MC1 . 



Table 3-5. Instruction Prep Phase Sequence Control (sheet 8 of 9) 



RIXS 
Field & 
Clock 


DISPLAY (Ref. Figure 3-8) 


Comments 


Figure 
Ref. 3-12 


PH 





LA 


S 


D 


J 


H 


P 


SW1 


RIXS= 
101S 






(R 


efer to RIXS = 


8-F for PREO through PRE4) 














4th 


80E0 (PRE7) 


XX04 
(RA2) 




Instruction 
Address 


Next 

Instruction 

Address 


Contents of 
^self-rela- 
tive add. 


H+D= 

Contents of 
D plus Xl= 
E.A. 


Contents 
of XI 


Next 

Instruction 

Address 




The self-relative address was transferred from J to D and the content of 
XI was transferred to H. An ADD was performed to produce the E.A, 
JXHPD = JPRXHND, JPRXNHD, JGXHD. 


Sh 36-42 




















EN DP 




For ENDP see RIXS = 1. 




RIXS= 

nos & 
ins 






(R 


efer to RIXS = 


8-F for PREO 


through PRE4) 














4th 


8002 (PRE5) 


XX84 
(MCI, 
RA2) 




Self- 
from 
Indirc 


rel add 
J = 
ct add 


Nex 
Instr 


t 
jction 


Indirect 
Address 


Not signif . 


Contents 
of XI 


Next 

Instruction 

Address 




Indirect address on J is transferred to LA-register, memory cycle started 

(MCI). 

(PRE5+6).MC1 presets S/JGXHND. This defines PRE6. 

(PRE5i6).N06 presets an HX to clear H-register in PRE6(110s, only) 


Sh38 
Sh 52 


5th 


8002 (PRE6) 


XX04 
(RA2) 










- 


Con) 
Indir 
Addr 


ents of 

ect 

ess 


Not signif 


All zeros 
(110S) 
Contents 
of XI 
(Ills) 








DXMRC.MRC00-MRC15 = D00-D15, memory read data (contents of 

indirect address) in D-register. 

(PRE5i<:).NMCl = S/JXHPD presets an ADD operation for PRE7. 


Sh 44,46-49 
Sh 35 


6th 


80E0 (PRE7) 


XX04 
(RA2) 




1 


f 


1 


' 


1 


' 


H+D= 

Contents of 
Indirect add 






T 




Contents of H and contents of indirect address (D-register) are added to 
produce E.A. 


















plus zeros = 
E.A.(HOS) 




























H+D= 

Contents of 
Indirect add 
plus (XI) = 
E.A.(lllS) 


1 


' 




























ENDP 




For ENDP see RIXS = 1. 
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3-28 
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Figure 3-8. Instruction Prep Sequence - Data Flow During RIXS Computation 



3-29 



3-27 INSTRUCTION EXECUTION SEQUENCE 

If there is no condition to abort an instruction (this is evident by a WAIT condition at end of 
preparation) the very next clock after PRE7 brings the instruction into the first phase of execu- 
tion, PHI . Each clock thereafter brings the instruction to the next sequential phase (1 through 
7) providing the control logic does not inhibit phase advance, in which case each clock re- 
iterates the selected phase until the inhibit is lifted. 

3-28. To simplify the explanation for the execution phases, the instructions are grouped as 
presented in the Instruction Preparation Sequence, paragraph 3-16; the groups are Direct 
Control, Memory Reference, FUCPY and SHIFT instructions. 

3-29 DIRECT CONTROL INSTRUCTION 

Figure 3-9 represents the data flow during direct control instruction execution (excluding 
those pertaining to IO). Table 3-6 supports this figure and can be considered an extension 
of table 3-5, Instruction Prep Phase Sequence Control. 

NOTE: Similiar sequences of instruction execution for memory reference, FUCPY and SHIFT 
instructions are to be added. 



3-30 



DISPLAY (Ref. Figure 3-9) 


Comments 


Figure 












Ref. 3-12 


PH 


O(RA) 


D-Register 


J-Bus 


H-Register 




40XX 


RA=001 1 1 


- 


Contents of (A) - Not Significant 


1 . E .A .=0000 0000 OOOn nnnn (RD) 


Accumulator (A) address is preset at ENDP. The transfer 




(PHI) 










JXR = PH1-2.FARWD.NJXKD has no significance, how- 


Sh 41 














ever, as the instruction is involved with registers other 
















than (A) in PHI . The address of (n) for PH2 is preset by: 
















S/RA0 = PHI .FARWDO/GR, 


Sh66 














RA0104XLG1215= PHI .FARWDO/GR, 


64 














S/RA1 and S/RA3 = RA0104XLG1215.LG12, LG14 


66,65 














S/RA2 = RAX04 = RA01O4XLG1215.LG13 


66 














S/RA4 = RAX01 = RA0104XLG1215.LG15 


65 






RA=001 1 1 




Contents of (A) - Not Significant 


2. E. A .=0000 0000 01 On nnnn (WD) - 


The transfer JXR=PH1-2.FARWD.NJXKD has no signifi- 
cance as the instruction is involved with registers other 
than (A) in PHI . The address of (n) for PH2 is preset by: 
S/RA0 = PH 1 . FARWDO/GR . LG 1 1 , 
RA0104XLG1215 = PHI .FARWDO/GR, 
S/RA1 and S/RA3 = RA0104XLG1215.LG12, LG14 
S/RA2 = RAX04 = RA0104XLG1215.LG13 
S/RA4 = RAX01 = RA0104XLG1215.LG15 


41 

Sh 66 
64 

66,65 
66 
65 






RA=001 1 1 




Contents of (A) for transfer to a general/ 
l/O-register (n) 


3. E. A. =0000 0000 000n nnnn (WD) 


The contents of (A) is transferred to J-bus by JXR = 

S/RW/2 = PHI. FUWD/XX0X. FARWDO/GR. NLG09. 

S/RW/2 presets DXJ and JXD for a J— - D— - J 

transfer in PH2. 

S/RW/2 presets RW=RWRITE in PH2 for writing into (n) 

PH7. The address of (n) is preset by: S/RA0 = PHI . 

FARWDO/GR.LG11, 

S/RA1 and S/RA3 = RA0104XLG1215.LG12,LG14 

S/RA2 = RAX04 = RA0104XLG1215.LG13 

S/RA4 = RAX01 = RA0104XLG1215.LG15 


Sh 41 

45,34 

68 

66 

66,65 
66 
65 






RA=001 1 1 




Configuration of PCP DATA toggle 
switches 0-15 for transfer to (A) 


4 . E . A .=0000 0000 1 000 0000 (RD) 


Logic levels from Data switches 0-15 are transferred to 

the J-bus by: 

JXKD = PH1.FURD.FARWDO.(LG08 + LCI). 

PH1.FARWDO/1XXX.NLG09 presets DXJ and 

PHI .FURDO/1XXX presets a JXD for a J— «► D— - J 

transfer in PH7. 

PHI .FARWDO/1XXX presets a RW-RWRITE to enable 

writing into (A). 

PH1.FARWDO/1XXX.NLG09 = S/PH7 


Sh 41 

45 
34 

68 

23 


\ 




RA-001 1 1 


_ 


Contents of (A) to alter status-bit 


.5. E.A .=0000 0000 1100 0000 (WD) 


The contents of (A) are transferred to the J-bus by JXR- 


Sh 41 








configuration - byte = zero and 




PH1.FARWD.NJXKD. 










byte 1 = status-bit information 




PH1.FARWDO/1XXX.LG09.NLG11 presets STATUSXJ 
for gating J08, 10, 11,14 and 15 to set appropriate status 
bits in PH2. 


29 
30,31 



Table 3-6. Direct Control Instruction Execution Sequence Control (sheet 1 of 8) 



DISPLAY (Ref. Figure 3-9) 


Comments 


Figure 
Ref. 3-12 


PH 


O(RA) 


D-Reglster 


J -Bus 


H-Register 


40XX 


RA=001 1 1 


_ 


Contents of (A) - Not Significant 


6. E.A.=0000 0000 1100 0000 (RD) 


The transfer JXR = PH-2.FARWD.NJXKD has no signif- 


Sh 41 


(PH1- 










icance. The instructions are not involved with registers 




Contd) 










in PHI. 
















PHI .FARWDO/1XXX.LG09 presets DXSTATUS for status 


45 














bit-^D in PH2. 
















PHI.FURDO/1XXX = S/RW/2 - this presets JXD for a 


68,34 














D — J transfer in PH2 along with RWRITE. 














7. E .A .=0000 0000 1110 XX00 (RD) 


PH1.FARWDO/111X.LG12 enables R/ll or 
PHI. FARWDO/1 1 1X. LG13 3nables R/EI in PH2. 


29 












8. E. A .=0000 0000 1111 XXOO (RD) 


PH 1 .FARWDO/1 1 1 X . LG 1 1 . LG 1 2 enables S/ll or 
PHI. FARWDO/1 11X.LG11.LG13 enables S/EI in PH2. 








RA-00111 






9 . E . A . =0000 0000 1 000 xxxx (WD ) 


This instruction transfers the contents of (A) which is the 
memory protect information that singles out a specific 
page (256 locations) to protect in memory. E.A. bits 
H12-H15 are the address of the MP-register where this 
information is loaded. The transfer of (A) to the MP- 
register is controlled by MPXR.S/MPXR = PHI . 
FARWDO/1XXX.FUWD.NLG09. This presets the 
transfer of (A) to a MP-register. PHI .FARWDO/1XXX, 
NLG09 = S/PH7/1 


23 






RA-001 1 1 


- 


- 


10. E.A .=0000 0000 1101 0000 (WD) 


This instruction is not involved with registers. PHI. 
FUWDO/1101.NLG12= S/WAIT presets a WAIT condi- 
tion in PH2. 


26 






RA-001 1 1 


- 


- 


11. E.A.=0000 0000 1101 1000 (WD) 


This instruction is not involved with registers. PHI. 
FUWDO/1101.LG12.NEXIT = S/EXIT presets EXIT in 
PH2. 


26 






RA-00) 1 1 


- 


- 


12. E.A. =0000 0000 1110 XXOO (WD) 

13. E.A.=0000 0000 1111 XXOO (WD) 


These instructions are not involved with registers; they 
control status-bit F.F.. PHI. FARWDO/lllX.LG12 = 
R/ll or PHI .FARWDO/1 1 IX. LG 13 = R/EI in PH2. 
PHI. FARWDO/lllX.LGll.LG12 = S/ll or 
PHl.FARWDO/111X.LGll.LG13 = S/EI in PH2. 


29 






RA-001 1 1 




Contents of (A) 

(Determines which interrupt levels of a 
specific group will be operated upon) 


14. E.A.=0001 0XXX 0000 0000 (WD) 


Contents of (A) is transferred to J by JXR = PHl-=. - 

FARWD.NJXKD. 

FUWD1.PH1 = DXJ presets a J— «~D transfer in PH2. 

FUWD1.NRAUC/2.(PHH 2+4+5) = NINTCLEN/M1 

inhibits the 1st interrupt clock (CLGAT) in PH2. 


41 

45 

6 

1 


' 


f 


RA-00111 


_ 


Contents of (A) 


16. E.A. -Mode & Device Address 


The contents of (A) were previously loaded for data out- 












(DIORWD) 


put to a device at the DIO interface for a DIORWD = 
(WD). JXR=PHl-2. FARWD.NJXKD transferred (A) — - J. 
FAIODIOEPH1 presets the transfer of zeros, DIOAX and 
DJODBX to the DIO add. -and DIO data registers at CL-9 
in PH2. With DIODBX high, DIORWD is low indicating 
an RD instruction. FAIODIOEPH1 presets a DXJ and 
JXDfora J— -D— -J transfer in PH2. 


41 
83 

84 
45,34 



Table 3-6. Direct Control Instruction Execution Sequence Control (sheet 2 of 8) 



3-32 



DISPLAY (Ref. Figure 3-9) 



PH 



O(RA) 



D-Register 



J-Bus 



H -Register 



Comments 



Figure 
Ref. 3-12 



2048 
(PH2) 



RA=nnnnn 



Contents of (n) for transfer to (A) 



RA=n 



Contents of (n) for transfer back to (n) 
after bit is reset. 



RA=nnnnn 



Contents of J-bus in PHI 

(contents of A for transfer to (n) 



-^■-Contents of D-register 



Status-bit configuration in area of 
byte 1 , byte = zero 



-Contents of D-register 
-Contents of D-register 



n^-Contents of D-register 



1 . E . A .=0000 0000 OOOn nnnn (RD) 



2. E. A. =0000 0000 OlOn nnnn (WD) 



3 . E . A .=0000 0000 OOOn nnnn (WD) 



5. E.A.=0000 0000 1100 0000 (WD) 



6. E .A .=0000 0000 1 100 0000 (RD) 

7. E .A .=0000 0000 1110 XX00 (RD) 

8. E.A.=0000 0000 1111 XX00(RD) 



10. E. A. =0000 0000 1101 0000 (WD) 



11. E. A .=0000 0000 1101 1000 (WD) 



12. E.A.=0000 0000 1110 XX00 (WD) 

13. E.A.=0000 0000 1111 XX00 (WD) 



The contents of (n) are transferred to J by JXR = S/RW/2 
= PH2.FARWDO/GR.NLA10 and the address of (n) was 
preset in PHI . S/RW/2 presets DXJ and JXD for a 
j— *-D-~- J transfer in PH7. S/RW/2 also presets - 
RWRITE for PH7. The address of (A) is preset by: 
S/RW/2 = RAX07 = S/RA4 

= RAX06/1 = S/RA3 
= S/RA2. 
S/RW/2 = S/PH7/1 . 

The contents of (n) are transferred to J by JXR=S/RW/2 
=PH2.FARWDO/GR.NLA10 and the address of (n) was 
preset in PHI. S/RW/2 presets DXJ and JXD for a J— - 
D~— J transfer in PH7. S/RW/2 also presets RWRITE 
for PH7. PH2.FARWDO/GR.NLAIO.LG09=NJ00. 
PH2.FARWDO/GR.NLA10.LG09.R0O=S/OF presets 
the setting of the overflow indicator in PH7 if bit 
of (n) = 1 . S/RW/2 = S/PH7/1 . 

The J — — D — *- J transfer was preset in PHI . The 
address of (n) and RWRITE were preset in PHI for writing 
into (n) in PH7. S/PH7=PH2.FARWDO/GR.NLA10. 

The transfer of J08, 10, 1 1 , 14 and 15 to set the appro- 
priate status-bits were preset in PHI. 
S/PH7 = PH2.FARWDO.LG08.N(S/FLAGM-1). 

The transfer of status — *-D — »- J was preset in PHI . 
The transfer of status — •*- D — »- J was preset in PHI . 
Status-bit II or El is reset after the transfer to J. 
The transfer of status — *- D — *- J was preset in PHI . 
Status-bit II or El is set after the transfer to J. 
S/PH7 = PH2.FARWDO.LG08.N(S/FLAGM-1). 

WAIT F.F. is set - CPU in WAIT condition. 
5/PH7 = PH2.FARWDO.LG08.N(S/FLAGM-1). 

EXIT F.F. is set. 

S/PH7 = PH2 FARWDO.LG08.N(S/FLAGM-1). 

Status bits II or El are reset. 

Status bits II or El are set. 

S/PH7 = PH2.FARWDO.LG08.N(S/FLAGM-1). 
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3-33 



DISPLAY (Ref. Figure 3-9) 



PH 



O(RA) 



D-Register 



J-Bus 



H-Register 



Comments 



Figure 
Ref. 3-12 



2048 



RA=001 1 1 



Contents of J in PH 1 (contents of A) 



14. E.A .=0001 OXXX 0000 0000 (WD) 



RA=001 1 1 



Contents of the l-reg. 
(Interrupt levels status) 



15. E. A. =0001 OXXX 0000 (RD) 



Contents of J in PH 1 (contents of A) ■ 



-Contents of D-register 



16. E.A. = Mode & Device Address 
(DIORWD) 



The data transferred to D is also present at the Interrupt 
Priority Control logic to operate on the interrupt levels 
according to the code of E.A. bits H05, 06 and 07. The 
1st interrupt control clock (CLGAT) in PH2, however, is 
inhibited (refer to PHI). FUWD1 .N(S/PH7).PH2 = 
RAUC/2. This sets the RA-reg. to up-count. RAUC/2 
also inhibits phase advance (PHADV). The present 
value in RA=001 H (the add. of A). 
At the 1st CLock in PH2, RA=01000 and the inhibit is 
lifted from CLGAT allowing the 1st interrupt clock in 
PH2. 

If the code (E.A. bits H05, 06, and 07) / 0, a 2nd 
CLGAT is available at the 2nd CLock in PH2 (RA=01001). 
If the code = zero, RADDR1 .FUWD1.INTCODEO.PH2-1 
=N1NTCLEN/M1, and CLGAT is inhibited at the 2nd 
CL in PH2. S/PH7 = RADDR1 .RA4(RA=01001).FUWD1 . 
PH2. This drops RAUC/2 in as much as N(S/PH7). 
FUWD1.PH2-RAUC/2. With NRAUC/2 high, phase 
advance is enabled, however, FUWD1 .NRAUC/2. 
(PH 1+2+4+5) = NINTCLEN/M1, and further interrupt 
clocks (CLGAT) are inhibited until ENDE/1. 

The state of the interrupt levels are read into the D-reg. 
from the l-reg. under the control of the code (E.A. bits 
H05,06,07). FURD1 .PH2-2 = DXI = DXI/0 

= DXFRL/1 controls 
the transfer of byte of l-reg. to byte of D-reg. as 
well as byte 1 of l-reg. to byte 1 of D-reg. via the 
FRL-register. 

The transfer of J— *- D — *- J was preset in PHI . 
FAIODIOEPH2 = DIOAXH presets the H (mode & add.) 
to DIO add-register transfer at CL-9 (PH3) for both RD 
and WD. FAIODIOEPH2.FUWD = DIODBXJ presets 
the J—*- DIO data-register transfer at CL-9 (PH3) for 
a WD, only. 



Sh62 
23 

6,7 

6 
23 

6,7 



44 



83 



Table 3-6. Direct Control Instruction Execution Sequence Control (sheet 4 of 8) 



3-34 



DISPLAY (Ref. Figure 3-9) 


Comments 


Figure 


PH 


O(RA) 


D-Register 


J-Bus 


H-Register 


Ref. 3-12 


10XX 


RA=001 1 1 


Contents of l-register 




15. E. A .=0001 OXXX 0000 (RD) 


The D-register holds the interrupt levels status for trans- 
fer to J. FURD1 .PH3 = S/JXD and S/RW, presets a 
D-— JandRWRITEfor PH7. 
FARWD1.PH3 = S/PH7. 


Sh 35 
68 
23 










16. E.A. = Mode & Device Address 
(DIORWD - Mode 2-F) 


The DIO address-register holds the mode and device 
address (E.A. from H-reg.). If it is a WD, the DIO 
data-register holds the data from the J-bus. The func- 
tion strobe, DIOFS, is preset in PH4. 
FAIODIOEPH3 '= HX/l and S/JXHP1 presets clearing H 
qnd H-Plus-1 to J in PH4 when the H-register is used 
as a counter (interface timer, IT) if the condition for 
presetting DIOFS is not present. 

FAIODIOEPH3.NIOPON = S/SW1/2 presets an SW1 in 
PH4. SWI identifies the FADIO phases. 


84 
52,32 

27 
26 


0889 


_ 


_ 


- 


16. H-register is cleared to zero 


FARWD.SW1 .PH4 = FADIOPH4. 


26 


(PH4) 








upon entering PH4. If there 
is a delay in dropping DIOFSA 
from an immediately preceding 
DIORWD instruction, a value 
of one is added to H each 
clock thereafter in PH4 while 
DIOFSA remains high. 


FADIOPH4. NDIOFSA = R/NDIOFS = DIOFS 

If NDIOFSA is low when entering PH4, 

FADIOPH4, DIOFSA. NCFIT = HXJ/2. 

HXJ/2 inhibits phase advance and enables the interface 

timer (IT), H-plus-1 to J to H for each clock in PH4 

until DIOFSA drops or the IT runs out (CFIT). 

CFIT = (PHH -2+4+5). FARWD. SWI. NIO.H08 - 

Bit H08 = decimal value 128 or 42 microseconds. When 

NDIOFSA occurs, DIOFS is high at the interface, and 

the instruction advances to PH5 to await the return of 

DIOFSA. An H-plus-1 for PH5 is preset by 

FAIODIOEPH4 for timing the return of DIOFSA. 

If the IT should run out before the FS can be sent, the 

instruction advances to PH5 at which time DIOFSA is 

forced high by CFIT, inhibiting FS and advancing the 

instruction on through the final phases (aborting the 

instruction). 

FADIOPH4 = S/SW1/2 presets an SWI in PH5. 

SWI identifies the FADIOPH. 


84 

52 
23 

3 

32 
84 

27 
26 


0489 


- 


- - 


- 


16. The H-register i& still zero or 


FARWD. SWI. PH5 = FADIOPH5. While the NDIOFSA 


26 


(PH5) 








contains some value less than 
H08 (timer runout). A value 
of one is added each clock in 
PH5 while waiting for the 
return of DIOFSA 


state remains, FADIOPH5. NDIOFSA = HXJ/2 inhibits 
phase advance (PHADV) and enables the interface timer 
condition (H-plus-1 to J to H) for each clock in PH5 
until DIOFSA or CFIT. If DIOFSA occurs before timer 
runout (CFIT), the instruction proceeds to PH6. 
If CFIT occurs first, the instruction is aborted (refer to 
PH4 comments). If an I/O service call is acknowledged, 
IOASC = R/NIOASC = IO:SC.IOPTION. (FARWD. SWI), 
before the return of DIOFSA, the instruction remains in 
PH5 while the IO is completed. During this time the IT 
continues counting, however, IO overrides CFIT and 


52 
23 

77 
3 



Table 3-6. Dire v Control Instruction Execution Sequenc ontrol (sheet 5 of 8) 



3-35 



DISPLAY (Ref. Figure 3-9) 




Figure 
Ref. 3-12 




Comments 












PH 


0(RA) 


D-Register 


J-Bus 


H-Register 






0489 


_ 


_ 


_ 


16. (PH5 continued) 


the value in H has no significance. When the IOSC is 




(PH5, 










completed (IOPH17) the H-register is cleared to zero. 


Sh52 


Contd) 










If DIOFSA is still absent, FADIOPH5.N(S/IO/l) = 
S/JXHP1 and FADIOPH5.NDIOFSA = HXJ continues 
to enable the interface timer and the count starts over 
again from zero. The instruction is aborted at CFIT if 
DIOFSA does not appear in 42 usee. FADIOPH5.N 
(S/IO/1) = S/SW1/1 presets an SW1 in PH6 to identify 
the next FADIOPH. 


32 
52 


0289 


- 


Data from the DIO interface (RD) 


- 


16. 


FARWD.SW1 .PH6 = FADIOPH6. 




(PH6) 










If the Instruction has been successful, two status bits are 
received from the device in PH6, DIO:CC3 and DIO: 
CC4. These bits of information control the setting of 
the overflow (OF) and/or carry (CF) indicators. The 
address of the accumulator is preset by FADIOPH6 = 
RAX07 = S/RA4 

= RAX06/1 = S/RA3, S/RA2. 
FURD.FADIOPH06 = S/RW presets a RWRITE. 
Data on the DIO:DB lines Is transferred to the D-reg, 
by: PH6-1 .FURD = DXDIO:DB = DXI/O 

DXDIO:DB-l. 
Byte in D is transferred via the l-register by DXI/O 
and byte 1 is transferred directly by DXDIO:DB-l. 
This data is for storage in (A). 
FADIOPH6.S/JXD presets a D— - J in PH7. 


88 

30,31 

63 

65,66 

68 

46 
34 


0148 


RA=001 1 1 


_ 


Contents of D-register 


16. 


For the Read Direct DIORWD, a RWRITE was preset in 




(PH7) 






(Data from the DIO interface) 




PH6 as well as the address of (A). The final transfer of 
















data from the device to (A) Is at the arrival of the next 
















CK(PREl). RWRITE. CK = K/R0007 


69 














= K/R0815 
















This enables the transfer of data on the J-bus to the 
















addressed register. The transfer of D — *- J was preset in 
















PH6. 




1 


' 


RA=001 1 1 


Contonti of J from PH° 


^ i onfcnti or -, rcnijtcr 


1 . E . A .=0000 0000 OOOn nnnn (RD) 


The transfer of the contents of (n) from J — »- D — »- J was 
preset in PH 2 as well as RWRITE and the address of (A). 
























NOTE: If the address of (n) was the P-reg. an SXJ 














preset in PH2 also transfers J — •"- S as the next 














instruction address: 














PH2.S/PH7.RA0003EZ.RA4/1 = SXJ. 


56 












The final step of the J — *"-(A) is accomplished at the 














next CK (PRE1). RWRITE. CK = K/R0007 


69 












= K/R0815 














This enables the transfer of data on the J-bus to the 
addressed fast memory register. 
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DISPLAY (Ref. Figure 3-9) 








Figure 
Ref. 3-12 










Comments 














PH 


0(RA) 


D-Register 


J-Bus 




H-Register 






0148 
(PH7, 


RA=nnnnn 


/~ L i- -f 1 T- DLJO 


r~ r r. 


2. 


E. A. =0000 0000 01 On nnnn (WD) 


The transfer of the altered contents of (n) from J — *- D 
— *- J was preset in PH2 as well as RWRITE. The address 




i«onrenrs or j in rnz •■ 


*■ Content's or D-register 




Contd) 












of (n) was high in PH2. The final step of the J — <*- (n) 
transfer is accomplished at the next CK (PRE!). 
RWRITE. CK = K/R0007 
= K/R0815 
This enables the transfer of data on the J-bus to the 
addressed fast memory address. 


Sh69 




RA=nnnnn 






3. 


E.A. = 0000 0000 OOOn nnnn (WD) 


Fast memory register (n) contains the contents of the J- 
bus. The address of (n) was set in PH2 as well as 
RWRITE. The final step was accomplished at the arrival 
of the next CK (PH7). 
RWRITE. CK = K/R0007 
= K/R0815 
This enabled the transfer of data on the J-bus to the 
register (n). 

NOTE: If the address of (n) was the P-reg., an SXJ 
preset in PH2 also transfers the J-bus to S as the next 
instruction address. 


69 
56 




RA=001 1 1 


Cnniont* n( 1 in PHI 


r e n 


4. 


E. A .=0000 0000 1000 0000 (RD) 


The transfer of J — *- D — "- J was preset in PHI as well 






"""!•**• \* on rents or L/^rsQisrer 














as RWRITE and the address of (A). The final step of 
















J — "-(A) transfer is accomplished at the next CK (PRE1). 
















RWRITE. CK = K/R0007 
















= K/R0815 


69 














This enables the transfer of data on the J-bus to (A) 






- 


- 


- 


5. 


E.A. =0000 0000 J 100 0000 (WD) 


Status bits are set to the new configuration dictated 
by the contents of (A). 






RA=00111 






6. 


E.A. =0000 0000 1 100 0000 (RD) 


The accumulator (A) contains the status-bit configura- 
tion (for all three instructions 6,7 and 8) transferred to 
J in PH2. The final step was accomplished at the 
arrival of CK for PH7. RWRITE. CK = K/R0007 

= K/R0815 
This enabled the transfer of data on the J-bus to the 
accumulator (a). 


69 




RA=001 1 1 


- 


- 


7. 


E.A .=0000 0000 1100 XXOO (RD) 


The II or El status-bit is reset. 






RA=001 1 1 






8. 


E .A .=0000 0000 1110 XXOO (RD) 


The II or El status-bit is set. 
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DISPLAY (Ref. Figure 3-9) 




■ • 


Figure 
Ref. 3-12 












Comments 
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D-Register 


J-Bus 


H-Register 
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RA=001 1 1 


- 


- 


9. E.A.=0000 0000 1000 XXXX (WD) 


The transfer of (A) to a memory protect register was 




(PH7, 










preset in PHI as well as the address of (A). The address 




Contd) 










of the memory protect register was selected by E.A. bits 
H12-H15. The final step of (A)— "-MP is accomplished 
at the next CK (PRE1) 
MPXR.CK = K/MP07A 
= K/MP07B 
This enables the transfer of a general register to the 
memory protect register. 






- 


- 


- 


10. E. A. =0000 0000 1101 0000 (WD) 


CPU is in a WAIT condition 






- 


- 


- 


11. E .A .=0000 0000 1101 1000 (WD) 


EXIT is high for the generation of the FUEXIT instruction 
(FULDX.EXIT) 






- 


- 


- 


12. E .A .=0000 0000 1110 XX00 (WD) 


The II or El status bit is reset 






~ 


- 


~ 


13. E.A.=0000 0000 1111 XX00 (WD) 

14. E. A. =0001 0XXX 0000 0000 (WD) 


The II or El status bit is set 

The interrupt priority levels status have been altered. 






RA=001 1 1 


Contents of l-register (transferred in PH2) 


Contents of D-register 


15. E.A.=0001 0XXX 0000 (RD) 


The D— *— J transfer was preset in PH3 as well as RWRITE. 
The contents of the D-register (status of interrupt levels) 
is loaded from the J-bus into (A) at the next CK (PRE1). 
RWRITE.CK = K/R0007 
= K/fc0815. 
This enables the transfer of data on the J-bus to (A). 


Sh69 
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THE FOLLOWING LOGIC DIAGRAMS ARE INCLUDED FOR INFORMATION 
PURPOSES ONLY AND WILL NOT BE UPDATED. FOR CURRENT TECHNICAL 
INFORMATION REFER TO THE LATEST ISSUE OF ENGINEERING SUPPORT 
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NO. 153253, DOCUMENT NO. 902400. 
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Figure 3-12. Logic Diagrams (sheer 11 of 91) 



3-5/ 



to) .mu&x 



6$ -tAca_ 



OS) tiwuifcttc- 



(I(j> UifoR'&Afc- 



C73) UXfr fth/g- 



&$> . Nfr tO 



{4$ JbXBAJLL 



(.15) klXttH* 

07) UTSfta^ 



&$ jasa\_ 



(&) MftrtQ-V 



(*>%) HLQVFSU 



C ^> N MfB 



iilPg =!% ?<>& > K» VOft- 



LaiQr-ittp^»^ hphq» 



C'ssst r -a » HQ ^ ) r* »ma. 



.iB»aPr-xttr>»^ vch\yu 



-OL 



\2Ja_ 



Miaaa — 



H5 



S 










lUatft. 



fea>\SLa 



¥ &\&i & 



WaHtC. 



F'-iJre 3-12. Logic Diagrams (sheer 12 o' 91) 



3-53 






*UDrt. Jfi-w J_ 




I _ PC.P | 



Cat-) WJ?Kaa4_ t 4-iai 

it 



iflSilfglSsssSyS 



Figure 3-12. Logic Diagrams (sheer 13 of 91) 



3-54 



(1$ VFAtAQnAi- 






<1CJ) Ffrfrpg. 



<>»} iiEfS^B/l 



^>>Mffc%WJt 



CmjBktUE. 



C") ffS>«. 



li»X£ttI_ 



£»XtkJfe. 



,O0 FftftlVX 



^.EHl* 






Idl-I 



C«-Xg/ ta.afcftQ 



(*0pHg 



t»: 



UftUl- 



tfutffT 



Os) PrtV 



fi*>) fiemsAuaL 



<?\) Jftfctt* 



C?*)jmun-i, 






G*) -Uiufeix. 



£") PrtlWi 



03)_£lfci_ 



GorersQ 



<ofc>j) 




14KJB& 



Ng^yg/t 



MyyfKg/fc 



a ^Aty uy^W^ 



f^p^/x m, 



Mg N>S/V 



Kteyyg/^ 



mewiygta 



NgNftgfi 



M«M; 



£fiUL_ 



marwttfa 



mwm»«U 



MgHfclfl. fc£ 



■ nOrt>WA £1 



hH — V 



*a, jjgupe 



1 1 V 6 



e»iT>g 



■g^Pff-l- 



^s,Hft6 



F* -re 3-12. Logic Diagrams (sheer 14 c' ^1) 



3-55 



P H'HT 






(»<£ FfttTftim 



oyiaajL. 



Ci4) K)grta«r/a 




<ftf> XSfi. 






ettfcS- 




a.«»j 



4S! '"'ntHTm 



1 






~X~ 



ZST 3 MJ 

— s B^ 







ftty<uV 



l«J 



-**-] l*P 



7^ 



3fa_ 



fV^q) 




jtiitaL. 



1 I33» 

vtiivvd afr|--"—> 






L 




-OlafcllfcM ii_ 



Figure 3-12. Logic Diagrams (sheer 15 of 91) 



3-56 



fcST 



fcltlH) Jfl["^)^-^^- 



(r>£<kS£- 



<*)oia_ 



K> WCbWCt4 



ftfgl>> 



aau?> na 



3 e>te)>- 

-*1 — V« 
Jut*/*" 



_gsr *&, 




-SsrzL 



,tlgr»T,.- 





•** 


««y» 


«l 






V 




M«%Vm 



imjgsa^L. 



ftir«A 



yyre/t 



fftpgfjj) 



^E^ 



ft%Tg/|-t 



3tK 



in. 






>*m 



(\3) 



n^tia 



21A 



Nf\T-*JL 



It. 






hifflftUfi: 



CiS)-J!^t- 



Cl-n 




it© 




H*&6 



JttSS- 



P ire 3-12. Logic Diagrams (sheet 16 c' *>1) 



3-57 



&7)._fi£J_ 






C»2)___S 



04) 



£o*sj~) is\ 



(y.pfcgF/zj. 




i»?,fi 




pMf-l Jffi 



jatj.. 



(■a./petri>/Q >5 



a.-i^_ 



tBl> J 

/, 



-T*sr-?- !l 



183) 



S I 

a 

B. 



n pRgp a* 



10A V 5 - 



2ft. 



fnsTJsp 



-£fi 



(ppOM^ 



/ W «r» +1 



e o 



M_ 



tt f frgp-l 



P»*P-» 



(?tf> -am 



Cope^a 



-ittdL 



ofc 



toy**?* 3* 



ms^f^-ia 



gg.^/HTA- 



-Bp-hQ -ft 



& MiEUafiS-iE«fi£Xl- 



-Ji 



JW Ufi^e 

<»<?) _i__.fi 

<| ) N(H» 1 .Wftg.tJJ »fr-«»?) . 



*_- 



weww/i 



£1 EVjDP/j - 



C«**i$— ai 



J>£ 






JSS O(o _. )___. 



__J**iU?_i I 



-U___l I 



Gt 




ote^- 



_il 



K-iUSJL 



gPftftfc 



("0 

ceo KPfc,%«ftn-i. 



£u-H 



JMMMM 



-ejici- 



,-___- 



_u 



.___-_ _£ 



zt_- y__- 



__J _X5>) fc_- 



Pfte t 



______ 



.tei> , , fe 



KTMaftWaftrl — i* 



■«* m 



"Ot/e 



(it, 1 ) B*T^/> -t 




R-Tt/v-i 3ft V_» 



ZlJ> 



___ 



«__. 



peeo 



.^/p_ep/o 



uotv-sr 



PRE i 






„UP«J_V-t 

.Pftffp-l 



_ENDP-1 
_HMt>P-i 

-MQC 
OMQL 



Figure 3-12. Logic Diagrams (sheet 17 of 91) 



3-58 






oij> p**~ 



(Wf . Fft1>>fr^rf^ 



(.7) N?»H. 



6*> kMvoC. 



*« jfiuyi 



(\7> P«£(>-l 



9*0 (suaQftj-EuaeO 

6<o j*a 



y - y -Jt_a , 

^6) . ff mtw^- i 



ln)_fcUiAI_ 



^Skul 



<*7) HlfiAiii. 



<3<0 JfrftttWftA 



Q-T) UOJfrf./l 



^7) 4<fr»WY-l 
(l<0-«* 



0*0 t<ai 



(ofofl 



■Jjpg-ft 






-Jft: 



_M 



VH>.MnA 



JtS 



i a» ?*«» 



B* 



jai 



„flfc 



-££ 



>•»_ »j<>i^g» 



i£J N 



+L. C PWg •H.'t 



-Afa 



_*1 



_fll 



ifcfvYli: ff?p<vt^."cijilF£> 




j211o* b 



_a£ 



Sk 



kb& 



3^)P 



^Vf^y) 



_WP«JS£ 






MPA03 






Ffnure 3-12. Logic Diagrams (sheer 18 c ( 91) 



3-59 




Figure 3-12. Logic Diagrams (sheer 19 of 91) 



3-60 



CH) M»Q -t 



0*0 N(frUQfc) 



O-tJ HQPTEA 



(.<!> Nfc»*. 



Ct*0_fit£zL 



(fcfc) NfrftQ-l 






6<g)JMftlrL 



6*0 g»'-> 



(>fa) ,B *> T 



6 V) ilfti. 



(>z) puftan 



C»0 Minus 



00 H»»S- 



-ife 



If 



_u 



^j> \ii_Efi3flijtJ S* 



H»t *» 



Aad *i 



NU*H 'I 



IB* 

Bit 



tim«o... 



*T ^ *\aea 



pu mv 






jfc£_ 



U — y 



pftrma .nofcrt . n <W»w . «p) 



-£& 



Jifild S3 



l 3J> }**" ,F>aTaU>Ft 



FivwrMJm 



^ fti^ tt ti 



"ft?:. 



MO-JH 



iej — no, 



IpinTHiU 4-v 



-i»«a_ 



^h-^tt- 



JBl 



-Si 



ii_£fc2Ifeifii- 



JUfeSzL 



joi v 



tiftO.rL 



-*i*l 



_££=L 



Oft 



M» a -t 



jfl 



_& 



it — fcvta. 



Pi«»* »7 



i*» yaie. 



_E£Ofi££iX- 



(orm> ill oatt . wwt 



.HfWiHll 



feftaaa 



IFftftSS. <?t 



FlftfttA f» 



^> 



FftaquMJB 




r*v nfe\ja 



ptf tm. 



PMWP* 



Ipy/ox 31 



JESdl ±1 



©*" 



g.tfgy,tx. 



fu| 



R^a ** 



lan^O a 



fvrrfcM » 



BaaL 






6 afs>a 1 M^j puftig,) 



M£iiSL 



JElUL 



-21 



l.ttUS.. 



-£3 



iAML^ J 



^■pm,>l W 



■JEUSEUX- 



^fmm 









£> 



F^TT 



FOWt-W 



F«*»*l, 



Fiaure 3-12. Logic Diagrams (sheet 20 of 91) 



3-61 



(13) fFuaofc •t-.puapv.) 



anxaa. 












<.M)_Jiffifc. 



0<0 jstfa- 









<>D > *»t-i 












pyfiiofl. ax 




NQ.E: 



A H fr =UBO<UMftg.frfr. ^an) 



_3UaJ 



_aj iM-D )3a, fa b tc 



c 






-fiMfffl: 








tv ^u aoci-frv^ y^ . 



^ 







_W*£r 



U>pcai 



£&p£»a 



Vfii H&SW 



iocl Jd!- 



(»-7)J=1fc£ifc=a«.. 






^ll 



<»+ 



5) ak " 



HPuaoa 






■ tJFfi.ftfc/&. 



-Pftft^K. 



-JtSLk. 



-JJfiflJ— 



-CgnVf.ruqtF-Q 



Figure 3-12. Logic Diagrams (sheet 21 of 91) 



3-62 



$8 



t#*P.-A.. 



Ot)JiS^L 



V»0 tftonai-ea 



(fat) Mwf>oa 



(to _v&fl*__ 



CaI} ga-i 



0*> HCt-! 



Cm) ^ajo 



(no) JASA, 



Oo) Jiukfla. 



tlft 



HSfcfcL 



(2$ «uyt 



.toyvtvi^ 



(»1) »Esed_ _ 
(10) Wfrioisat 



(it) AJttO. 



^jft* HPMMitt 



Fftnuuh 



fr>«»C>. N>FPiftU>i>), 



FP.tt.Ui,T> 



-SSi \ 



Pft«U>iPQ. 



"fr ffMufi 



PVM> 



»fi 20| v 



shl UfH><-1> 






"TL-EfifiisUB- 



m 1 -*^* 



,.iW,irO,fflBL 



-34 



wmx><>«*. 






93>P^- 



^ftgi^tK>/arg_ 




NFm^x^otm. 



lHifcDa/oiX-X. 



FfM^DQ/X. 



J stpMUJuk 



_Lact< — s. 

lvp rct. return/* waft 



f^ttfti.. 



IFOtl.»a/<0<.Q x> 



t FftftkO 




(Vpun^K) 










tf "feS tg« T :» fcttn) . 



°T Hf^ftl 



N(,i/r*-Mnri>H 



tfTen. 



ruwat 



FtJfcBl, 



f"ift^?l. 



t,r<MWTa. -au>i^ 



rftauungfo 



ISha.hH^L. 



tewfl W 



r (ia4 — Sli 



CHQ (frUfrt -t- ftlH-W fctl^ 




If-ufrst/pim ■» 



0:0 u&ftfca/n 



-^FfttUt 



C>i> heuim 



(VOb IKT^l it'PWmBI ») 



is"^) ^ 



F/wn 



fft»plr 



Flpure 3-12. Logic Diagrams (sheet 22 of °1) 



3-63 



C*4> r , 

xE&L JS1, 



•PHfMW 



pn-ftnv 




Wfr/ptn/Q h T^VP ' Ci jrm /ii 



ftypnT/1) 



_tii&^.ik^/i>- 



Figure 3-12. Logic Diagrams (sheet 23 of 91) 



3-64 









C»o 






(vs> 



C-w) 






jea»£^ 



(>*) _M£ttA- 






tl*} .feStWMU. 



C^^iS^: 






do) HlrttT 






(To) J-StlL. 






0*0 ■**<*>* -t 



<>Ci> i&&Ku_ 



_£4 



01 



ED* 

li< V 



-AA. 



~4A 



JEt 



I \ * 

OXSkJO- 



Cpm*i»i-4--t-f^ 



<t»«o m 



|[.», 



fclBHS tt, 






-*&l I*,*. 



ftuwijl 41 




2 »% . 



<Ptt t»f ^ -8PT 



a5> s 



gpi9QQ"aa» 



t=tf Hsa.m 




_h(.TtH . Kfrfftlfr 



n(fm. pu^> 



(VrUl/FAHTHinHi^ 



fgm-trVt-m-tay 



-UjliOX. 



&srm*a.Fii < sm. 



OvU-h<> 



CP^ avta 



_anx_ 



nn 



i?HX 1 TrUh^ 



t1»Vt^iPUHOM»0- 



H^I't*l-gt»Mn«iy».ft>^ 



.(■PfttrFu^ria 



Ci'uiiPT.i.fupD, 



w £f**-"n*T« MiaaQ 



(PHl..PtXfT.LftlQ.^^ 



XEHft. JHJSM.aftQQOagV) 



a^ttt 



.fptta. Pi»ooft<n . Miiuit). 



Figure 3-12. Logic Diagrams (sheet 24 of 91) 



3-65 



<-->•*> gwa-i 



te«> BW»_ 



CMO FftlYtftM/ 



Us) 



Rutaoact 



<~"T0 PlH- 



Mt^iauE^ 



EuBiv 



o*") eumasu 



(-•*>) 



SWlrt 



tV*> PHa-l 



do ) .aaa 



fti!lU^_ 



^1 



1 — V 



ttWMmsoatAH) 



PHftVl 



3 ** «0"-"» - 7g > 



j i°»> 

iJJUM IS null 



FUJKW 






31 [ — '~>^ 




i%/r tvi/FftmiyMiQi 



(.Pita. PuBiyl 



(g^o>4iyp<^s»v^>^> 



^FftifiANy. ftftflooae ^) 



(,PH4.FuT>N.Mftui& 



fPHA.yimw.Sm^> 



NrfWy. fhh«»> 



fca 



(.<-*;> iift4a4_ 



<c*> J^ea 



CW) KKSftlMT 






F^i.T- 1 



'n-r^noa 



-fitiiEri 



-Ut 



£Ufc_ 



Rirtftgy\ U. 



L«l)>' 



_J&j v 



1±_ 



fg)£ 



-^(.PHU. PUHOtttrt ■ H JMVtfr 



N(j»rtfa>PUl- 




T***/is*i 






ferity a 




^n^ai_iEp; 



^rwwjy'fl- 



. VI M(aft-»»»T> 



nd / ttfrn ft 



H t T,^») , 



Figure 3-12. Logic Diagrams (sheet 25 of 91) 



3-66 






tio) h fegi 



C>vy EHT 



(yi»} ,cm-3e. 



(7a) s <m3JS&£ 



6>d 

C-n) hul 




C««»i a-vr 
CfcO 



C>» Eiil^i. 



C-v^> *a*=x 






SSSb^jisH 



F» -re 3-12. Logic Diagrams (sheer 26 o' n l) 



3-67 



Oil) *£ttabSu4£u 

Cii) Tfrffuftfc — 

i TO refttoi- 

c *^ 3=m> tvm 



(8 XOf hOft 



CldJ 35££±U 



(Td) _»ja2>MW|x. 



<%0 JEe^jAna 






(XQ FftfrBHBrV*: 



C«*Q XO^WaT^UB- 






a/ fcyy Li 






ft*} M -a»f »*> 



C^ tiiMiXrl 



( 1 tM-rfrtO-i 



ut) otaoEiaab^ 



a>oft 

lr»} MXEKftEQ- 



f ft») lapHOfeftx 



0»1Q IfifrtlO 



<■ ) INTT>HH. 



* ^ JJiXftO 



C>8) ^U>V-> 



(■ "> (MTPWOI 



-*f«*»- 



-4ft. 



.^1 



1 — \ 

owl 



jis&Bm/ju 



jz&t&ix. 



etfn^yn- 




-ii 



( ayHfJ) 



±31 



a y (a/ait>y \mi> 



(oyo«J> Si 

£1 



]JE> 



j*j 



3S E^ 






t-^t-trty-h 



"Waut/Q 



« 



h (%/ s^V Q 



Figure 3-12. Logic Diagrams (sheer 27 of 91) 



3-6f 



C*0 m(Vv*i/z.) 



0«> aP41tfc*-rt.MIU4»rt 

t«5 wTno*. Noa . «*»i.. &*iV" 



£ 



C»*> fctEBJEi. 



fttVl^t/tl 3±| , W \^ 



JT] 



c^juftssx. 



(*!> PHI 



£0 _5£33. 



<*V) JB^X 









Cac <=*■>» 






C>V>.g <»T B/> 



OO ^Prtttftflnv) 



C<»S) titt4t>oOAg» 



(x°i> ^jovrua k T 



(XT) H(VW?/0 




11 



«*#> 



Hi- 



04-* 



-in*«*0- -si 



hfitWlMCVt. U 






Jfc 




EH 



oca 



7^ 



V»mi ai 



-SkiJ _£!L 



.J cerft J — 

-^1 V JB/*uai_aiJ Y_ 

oac !> — w ' r^* * 1 — «4 osh 1 — 




* ( 
OS* 



R 



ia 



1* 



-fatifcal &J <^* 



C^aa-i- 



"*£*> 



o<jA 



MtUlH 



ja^_^wn 



.W4t 



h* y*>> 



i££ES>_21 



^ftu)X aft 



OQ* 



iSEfiO. 



-^3| t>SA )~ 



OS ft 
e o 



afi usvw»-t 



a*L 



£&&. 




osnn 

OSTA 



6k«feb £b 



cvr-a 



-g)- 



<****> C6-A- 



£ 



<** V 



(p*sa& 



"Eh 



QT lum. 






f flytttj) 



^ >> *UJ 1.-I 






PVAO 



^Ut 




au>i-i 



+*4 



a jtidt-f 



i-^-flg 



6> 



>CI> H 1 ^ 7/ — 



»UJ>TO 



p. 



«_ffi 



3fe>Z- 



g«* -1 



3jov- 



) ilikli. 



^ UftWZ. 



^ 4<- (*QSVA><. uy*^ 



Casual. MftiuiV) 



figure 3-12. Logic Diagrams (sheer 28 r>f 91) 



3-69 









tJV %i t 



Ci<0 jj&*o_ 




M<yiwro^»y 



-[^ 



•SflfTlYVl « T 



-SA 



^»©Vej6 .^(^tTMlWO, 



-■S^iTva » T 



Mf« i />>TTBaua/0 



■ 1T nt us*j 



C<*0 Jog 



(lO fcS Tr l 



t ) iHTTrtoA 



<■ ^ -UXfficiat>n£- 






C4V) Jio 



C"10) L&.H- 



X*ii» .« i 6Bwaa / ni)i>. 



0»v> Ail 



ClO> LGIJ» 

( fcf) 14 P4*Q -J 



STBn)51tI.iSr 



l°>Jrr/d 



+*<*+'Q-t 



\at*Jtw\TtiVto y» 











**4 



1o#£m). 



w»ia 









-pa/ 




XI 



.wUL- 




CI 



Figure 3-12. Logic Diagrams (sheer 29 of 91) 



3-70 




CVsrtrr/ftaiTB) 



a Lfk/uF-mj/'L) 



(ygf f/tH«,>TtO 






eve.'* Ettiri 
>>23 J^ntA 

<> m ^ _&uu=i 



Jk*/i_ 






(.**) Mf*ul-J 



Ci*V> JU1JL. 



Cio} JHixni.^s-Hft 



tS"S) n< twai rtoft 



C»*> f*pmh?h* 



(n**9i- 



O*) TITftrilCB 



00 Fi)a»rayriH>flt* 
c ■> IHTPrtCHTffe 










(nyaw) 









0*> JCUKfc. 



3 



C»*> in>frti-vr- 



&*> -Boa 






C"><0 JiMML 



<•**<*) a 



2% NCVOf^O 



uC*fec4l" 




-iBfitt 







ttf FUfc. Fl HlPg 1T> . MB fcl 



MJfffcflfl 



yttrrwmr 



asar* s Bl -**-£>- 



0*> SE- ■ 



Hfl/tf ij/CJI 



Tama* J sa -v 



■iTf t, g)fe 



pioe px-ie 



iSE. 



<.-*«>> FumuL. 



-naj v 

-** — -v 



fw)w«o 



N 

43 McJoJHL 



Ffnure 3-12. Logic Diagrams (sheet 30 o' 91) 



3-71 



CO jtJBflX. 




i*£ox_j±_£El_. 



(<V3> -JBa/l_ 






O«0 _1KS 



p-*0 ararua K.a - , 
0*v) _a±K 






t > 



CO r-fttt 



.l^^frtPBtOb 






(«0 -toflc 



C«0 >&&& 



U«0 CEttt tFUgfT. >-»>«>! SAM> 






4ffe/> 



sa. 



_21 




<VFA>151i 



CV s f a t^ ft »tn>) 



*v*o 



•frtwrsja *; 



J\g 



tagatfl 



<rv> hqp 



two ,jgftat»Prtfe 



_Ski N 



7. fSrt»T.Mi,tO.H0O\ _jjk 






w> ii(,B;c.F«nvp^- 



lV^r/i) 




Ci U l>T,L8lO,HM() 




-t-dv 



oiE^^^ 






za kJiE_ 



Flgure 3-12. Logic Diagrams (sheer 31 of 91) 



3-72 



ttt>) , »j63^4 ttjftfefl 

c*0 _aa 




^^ l.ptHi-a-FUftf'f 



0V> fuffig-l 



L 






(JO) girtftlHM ■ 



6VO 3ftfil_ 



C*.«i «u**- 



0*0 _LfllflfcU 



rumsMuip 



Ct^ All 



>j>*iFaBm-i' 



MlBasi 









c*-> 



FMMCTlftWt 






CrO t^ys^o 



U*> :rfMPm>ar 



Ci«> mfrMtv/i. 



C 6o "> angophflgft-^ 



C«0 fHi#«pv , »asi,t'> 



0l«0 fCK» 



t ") itirnworf 



(.11) ,-ttfte» 



C«} ja<i_ 



Jfcfi- 



en.; matMfr.-TFiT^ 



t ) thirptvfix. 



On") 3*£M2l 



Jkl 



6ap&t£ — 4fe 



\£ 

5l 



WfV*teW* *S 




Xfr?HOfa0ftlHi 



CCfm-^i.THjott^ 



ItPHttOtF^rva 



_**_ 






»Mtt,>T 



Ciuraul U 



M4«iir 




i±^. 



hfA&. 



-■cwo — 



JVLJfcJ, 



www 



ms. 



H >v:>s x 



2L- 



JJU4JUUJU14A 04, 



"V.ftil 



-4* 



ioiT)^- 



JH>tft. 



^g)or f "fr vWft 






nry^icut»|^ 




MfyjUHMJ) 



»(Vj»Hwi> 



K>/1X rtomft 



MYyjumranBifr 



Figure 3-12. Logic Diagrams (sheet 32 o f 91) 



3-73 



Cl1 -> ICRttfl! 

^"O Na;ttKfcV,/> 

C ) Imti-H£>> 

O.W) Ji&ftL- 

<_ 1 mCvxmt/1) 

Oft) N*V»1.-| 



CM 
6v<> 






OK> TpiTv-t 



C"»- V) MIX — 

C>a3 ^>»w» 

<st«Ojuus- . 



c 












Cl<0 MtAflft 






O^ifloi. 




■IVJaflqfQ. 






»Mi,H. 




PHX't 



PU) 



iVJttfta/i) 



tff ^P iPu afVl S£ 



1*5) 






2 



"i.*/-i**i 



jti_. "(v ^y.*^ . 



Mfy^,.^-) 






tie) Llldr A.Hvj/1. 



C yaMrrfHCrt- 







jiT^>ii_ 



f>/>/Jxi>p l \ 



J!6/iAMiL 



Figure 3-12. Logic Diagrams (sheet 33 of 91) 



3-74 



c-co 






Cu.) 



r«a.-re»i»gp>vii 



R>J0MHt^/t 






C»0 J*Tfrefl 



CSV) HJteQL. 



O°0 aiMk. 



Cvq toaa t- neciS 



re g- 



_&Mfli- 



MttOI 



35»PHttfctld- 



~^ \« 



I 3 »tcvjftti 




j*i — ^ 



j& 



*&V>*M 



FWjre 3-12. Logic Diagrams (sheet 34 o f 91) 



3-75 




I^^-J 






(6%}nCa/£W*> 



a&).£&a 









PHVrt. 






ftd) fOR-Dl 




<v 3/ ■»».».■> 



*^l/r>» 



Figure 3-12. Logic Diagrams (sheer 35 of 91) 



3-76 



a*) wcyjKwfg) 

Ct-0 Mi»vtor/l 

tit) aes« 

«V> /MM 



to*) utnrarTfchAfl^- 



Cn} pgjfl 



C>t> .eiuuiri^ 



( l Oja»i/i- 



CvT) u£btti£=i- 






Ci ^KuiuaasL- 



in) -Eft«a 



v*0 JSfe£kkOl 



(npt»Q 



C } tt*n»tt ta 



<• Vllffft^t 



5?^atem» 






ooawrtQjA 



t^Q ?*h>w >v 



ciDjEti** 



cud Cwwfr-tfnQ 



Cbo> a^FMBfc^'m-i 



(«0 tMa^tliaifa- 



CS")HltiHme*tfoB 



»<yi>hrit> — ia. 



-** OlffJO^ 1 — 




4^ 



(MUnfl 




Ctittntfi 



•5 « 



* o 



hMftna 



MJM.Hl 



AX-J£iAVi 



o<\* 



<np»>> v» 



■©-■. 



Ofc_ 



jfttmii 






J^frtHU 



_jfcL \ 

— *A 2oa y> — 



Jrfialt-I 



J ffr.itya 






4*v&iuh 



p-»ure 3-J2. Logic Diagrams (sheet 36 r r °1) 



3-77 



CM) ,MJpfty.Hi>-.. 
CM> n JpguMMD 



Cae) nAeft*tVHKiS 



<-n.) M^efey,^ 



Cav> ua±±s£ 



W M Tft ft HHJ ». 



■^ JA^ft*!*^- 



-AHj 



••C 



ii 



&L- 



A6&&.M.. 



6v) n (.yy»HMt ) 



kg) Mfa/JxHfiQ 



<-f) C--B 



-Cap Jhcttj* 



Caq} jJ]A£je_ 



(W^O M^ / jy} ) 



c»i> n(.Vj*i>p> 



C3*5 MiiZJi 



DPfl 



<3*> K a/.rxHfee' P-J fl 



t**) HLVJuH^ 



Oft} .Pee 2, 



<^-0 HEEL. 



Ofii Hppsa 



a^tan&ft ia. 



jii 



_at 



jii 



JS± 



osb ),,^?/^*^ 1 ^) 



_21 






cu-y 



LefCbO-- 



■IftO.IMU 




* \ 



ot* 



KV PJfrStf* 




M | 

e o 




.i&et»£ 






Cppe>j) >3 



L> 



os- ifa^imWi. 



i£k 



j ^y J 



Ji£££S fil 






•A » 

oqft 



£3_ 



£L 



-H->fr*W» 



tM(»XI43>-l 



■Jft*ttp-> 



J<z*\M /X 



JSr H, rt V/O 



m?n.x,tm> 



Nif«mM^.| 






■ JPan-u^/o 



Figure 3-12. Logic Diagrams (sheer 37 of 91) 



3-78 









(to j ra y mn 



0»O JQO*ik>3— 
CM) tint 



<*i) » t>q>> 



cto) ja33k&.. 



c ^ niMtxTi*yi 



Cfygtat 



0*) M(*Af s S) 



<3*> Mf*/rxn^ 



cia) (EfiftJLUtl 



Qsl f^<yx 



Cat) JfrCtuH 



c *0 Ji22£Sii 



<**) toft/JKHMa) 



C»3) _N£s/liWiO- 



(/O ev--g 



-J4 



-sa 



oBr pi*— 



J4l 



O0r 



-4M 



_U 



6&F 



ja 



1%*- 



_aa 



_*£ 



it>c 



H-5 



-S2J w 



n(Wj»xh^»/i) 



3=)" 



( y^t>»»)^MV^ 






JJ- 



e«--y 



fogsr& 4a. 








08A 



_ii 



Jttt- 



CA^C 



-£i| 08* 



(SPPfl 



_a 



ja. 






(gppfl 



»i 



(oypj> 



0©A 



3ft NJ !S* ttN » 



-i^J 0<jA 



_13J c/ja 



e o 



SI aJ& KH" !?-' 



2a. 



Nt>4Pu& 









N3>»Pxi 



& LH iJmMBfrl> 



9 I 

oaf. 
c 



ft &]*» Jpft*NttN1,ll- 






.Y6,*urt.rt.-> 



MQ<.y.nKLft 



JGKh^Vq 



>»*hnW^ 



JPfcyNH^/g 



#<**NWfi)/l 



ure 3-12. Logic Diagrams (sheet 38 ?1) 



3-79 



0<O.^La=l... ... .. H- 

<*■*> (SO • »>JSi) IS 




C"0 ML 



Figure 3-12. Logic Diagrams (sheer 39 of 91) 



3-80 



Ca«0 J pfrtt HP/o -je&*-»WL 
(**){**) rida-uiC IV. 



CW age.xafc>ttM-=JitEBHrtfVa/> 






cs*,< 



rmoo -Hwta 



V, 






Ol> ^SrMilJv/fi.- iS>Uif Vr 



ClT) 4ftKK3>-l . 

CrD i£ 



- ■# 



_iE&es*=fi*jfi h^jl 



MP«.<}l,-orr<rt,-^ 



'JH»ttt>*. -O fc.-IO.-^ 



AV . 

!JP*QV-«ytriu=ig - 



lAipmny 



| ; JfeP» ,, -»•!,.•:»>, Iff *j 



Uftofcrftfc^-tft, ifl- Y. 



r iAat^-gff > --o<,ta y 




I 



AT>t>«ft. >»Jf»UT *»H MO. 




UUOO £*fc) U16 



JSJJ 



»» frlV M&Q* (»■> 



HO? 6b) 

HOd Cm) 

itoi <?*> i«z_ia>.. 

H6t 4»?> Dog W) 
HU ftjfl t 'l frft 



• Mitib CMT> 
M n*>1 fey 1 ) 



Mil 
M 13 






3>i 






MHIO OS) 
►i n <* <fc*) 



ni)oS 
uioto 



TS>5"~ s bo "TaSy 
<J«) Si o I (v>i 



NJ>!0 



(13) safe 0?} 



Go) So« ft? 
03} Sio <(v) 



C44d 8lX t» 

oc> a\3 e<4 

tl3i S»* (y$ 



jkCc*>»"-V imto) pim no. 



tivio (\4-T OiUO I**.) 
iuoo fc$) 
itcol COb) 

it tat (MA 



)Uo4- <S3) 
a HO 5 <?«•) 



Meal (•*•") 









aofl 



lift 



n« 



^^- ana«y out of »^%» e? k!d«i 



JPRflltr^T.-g^rll 



APgfjBQj-cy^-^A. "12^- 



EXI -^ — O 



e o 



I 4% j laf**^ — —I j 



m 



(w*ny. 



m 



e o 



+1 iY-0,-O* r <*1 ;\\ 



J KOt>,- t 



-4^ -Imn.-QT.-gn. -ia 



Ay jna t J -a<»,-to,-i*' 






■>PBftfl 



<Mr> lEJiAEl-a-UltfiaX. 



JijTia^-u; 




j<^ l 



^ jre 3-12. Logic DJagrams (sheet 40 <~ 11) 



3-81 







W iV. 












CCO MgMTlg/A 



0*_» -.fi-UrJ 






t2**> iPhl.ElJSFl) 

<*"0 -PftgR- 



t*-fP4> «Hft«V**V 



Cv0 

c^o i__H«*i» 

*^> _t£_LXS£ - 

CO _KCtaC.lt. 

t"0 ______ EMl _ 

C^ J___BW8. „ ... 

(8) ilU__l_ICK/a___ 



ClV> J2l_» 

cv_>> .eys&_ _ 

v "»-'*■. fi-a>___.o .. 



J^ 




^-B 




-AHE--Q 



-i_iM«__. 



-.SJfclS-} 



iiif___- 




offe o 



_JjL_____i_. 



:..*__!___-_._... 



Figure 3-12. Logic Diagrams (sheet 41 of 91) 



3-82 



0*0 -J* 






<*0 J *« -i 

a<o -««*> 

CO \AJgQ 

t»^> uQ>ui . Pftrt*\-b> 



fit) lfHii.p>it'v»c/it*>m,ftn>> 



0<>> t-»°i 



Gv>") jpaoi- jpg.oa 



CrtO} ^itai ..r Jtfta 



lt*0 act- »v»a 



CO .mf m - Ka m a 



<HD JJUW- 



GW>"> jrB,P + -jfftgl 



(*<i) .11*04- lHol 



C«H> UiJLrfi- 



CVD RO^ -^ol 



1+1 JKM>-i>. 



CO WBa» -K^ai 



ghd jp«.gB-!»fim 



<*P) JROtt-JU-tV 



(V& ftOt -&u 



CO ttB«6;: aftVV 



fe*> UFB-g- APftVT 



6mo jg.ii - iY.iy.i 



ft>9 »ari,ir 



CO , testy- Hms- 



4^- 



-*. 



IHtf-ft 



^Alltrfl. 



JftjVirfl 



Jfrg-1 



J^t;B-t 



awjft 



JKft -fl 



jhH* 



**M 



JM4>: 






1^ 

Li— — -*. X 

Hi v v - 

■ 4 .-A ^ 

-4— -\^ 



2.1*) 



jii 



JA 



^ 



•* ft 



A . 

- V 

, A. 



* 



j°l ' -»°3 



lo<V- AQT 



4QQ - 411 



JIT - J\S" 



1-AOS iMfuVPiU MO. 



Ig^i ft 5 *.u»»» fry tip 

J*eo4- 1*^ *- j>u>4-(+45 + HA< 



i***t Ox) 



■n>«u» 6»J 



4- J£o4-f 
■*- i\tor two 

4- i*oi M) 
4- ^uo% (cnO 

*~ Jwi»lrQ 

4> JU.V3 iCnaO 



ADO 






4-fcofc 

*■ ft»t 

+ «*• 

*■ «*«4 

4- RIO 



S8 



4- Kt>00 CV-> 
+ ICV ax. CV»' 



4- «*o^ t*i? 

* umt Cm) 
+ |tvt>4 C»«5 
♦■ itpoi tv«> 

4- It » Oft ^u. 

4- upon Ciu' 

4- k>«0 (j» 



; i 



. 4- V£*»b fcvQ 




J ft*- t4-l, 
•~»b«" C»"_ 
Job C»h) 

loft <v0 
4i4- t\0 



>6fr 



F* -re 3-12. Logic Diagrams (sheer 42 o / ' "|) 



3-83 



On) nSfc_ 



__±S 



(a^> - 




Figure 3-12. Logic Diagrams (sheet 43 of 91) 



3-84 



0«> tt firlr ■ 



<*6 X*t#9k*X 

CTft JCHUft 

Ceo) x«gMflfaBWtt» 
CSV) Jtiff 



dSfO-UHit. 






CQ i»*ra 



<>0.£a*sl 



<K>) «HJ^BKH, 



CD .CA.-H 



Cl»5 fUtrftlfl- 



OV> Pttil -T . 



<>"^ EHiftJat, 



(.»£>_EiH»A. 



Otb JEslfiA- 



00_£ax. 






i£_ 



.:»&! 







J»fM„ 



^UU£. 



rfg)^. 



-Luna 1 N 




_ai 



©7 



PyyXP'.ttB 




H»v . vft r 



HMH> 



3>HPton>a- 






^pm»;Wq 



aw 



I^m^^t. 



\JHftUt 



IB ft/ 1 



1^3^ 



I 



KtSM/ofiOY 



I 



MVK/egtf 



I 



upVoeis 



7 

>*/©« 



M)X/0O»7 



aim We 



juuaLOiVft 



TKt»'.>yi 



tytyi 



tHPHl/o 



tJpxi/o 



_aua&_ 



T?^a» •■?»-! 



»»3>>c/ooo-i 



T^W gttVSt- 



F "'ire 3-12. Logic Diagrams (sheet 44 r* 01) 



3-85 






tflytn") 



__ft 



tyi) FHtPPq/ffith 



C*^ M3>K /Qt t f 



C-v-O H._/_ __. 



_& 



C^_li_V_ 



CW) ____________ 



C ~> lUTttVPff 



C«)J____ 



Of) _tea-ig_Y_o 



Cw[) m( > /im/ > ') 



0© i.enL_.^«t-.N.N-t») 



C^ ___i.____._l__/____- 

Cio) j__fl, a 

Cvi3 ____ . . . 

<M> t=tf-PY 



O ) ffu__i.. 

<>0 ___&/__ 

O-) i?u__l. 
CO ________ 



C_) U#>srr CA.fr/ ft 

£££ ______ 



^<V_na,KV\ 



>»*Q" U___ 

6-1} _____ 

C»t) _____ _ 

C») ,__«__vt.. 
os) ______ 



Os) ii______L 



(") __»1______._ 

C-u.) F___________ 



H»H.BTynru_ 



Cib) t-.au 



&> __-_____&__. 



( *») -»pw-<.»_ 



C8T.) ______ 



(.*Mr) a___B___ 



(lb) _______ 




_____ 



tfip»op\_~. 



_K_ffVT__, 



. Cegy*_ 



_*__- 



__i 



______ 



sawx.. 



___ 



_____ 



_»__£- 



____. 



FUtM._/-__ 



4fli ■x 



_Ya 



^.x,? 



*»P*-PtHff 



.__ 



_______ 



___A 



hp* _ 



-__ 



H ?y./opa7 A^> 



N && 



* >X /g Q Iff 



__ 



g)H 



_?£_: 



-__ 



3>^o 



Figure 3-12. Logic Diagrams (sheet 45 of 91) 



3-86 



cx> a>tfs«o/Q 



«fl yy iBrcaa - tt t- fe oi. ?*** i^Bcoft- 5^- 



3>KI»nm/Q 



HM>Qtt-WM)Ot frtj^ ¥V\tt&Q+- 



nwxg-iaiyo 



t»4") X«n-'Df l *>-IO-lP»>l.>«U>IO-8PA»- 



CiO. 



6m?> juix& 



PFMa- rt"*A *.ti-g p-aL^- 



C ) XPff -tOfc MfJB TtHs 



UiN— tansoa <iw» nuKoff- wfrtttn 



l^»[-_ frfrOOTI H»A WMH?g-MtrPft1 



CH) X»IT»A» ArtoH X»lT>«lS-I0t1»tl 



CiQ grftit *ta rni.gr ruari 



C *) x o a ^ i > J EO ff r Etn 



O^ BX<Y>ft«/l 




Mftiofl-MMUtt <w»»»mv*. 



^- 



y\«naa-Mfi>itf «t*ro»m:>«. 



;tn%r m»i»idm. 






-*- 



CA4> 



ego JtxatmaiAr-px»n>>ifc <faa»*ia 



TW-Mfcan *"* "fiftia-Mftttff 



S3 
IE 



■^- 



MK3>\\ «VM» f4ft»»l~tft»fc»t 



T 



Cw) xawm Mia 3u»iPfty-i^itM 



<Llg> l=ntv.^ **n* ^«cS--«g*A-1 



-2- 



ft-Q jaranft»» /*>* sihmwi -»p»»aat ^L 



■KQQg 



maihaPTiart 



bs) mci 




J*j£ tyaoo -b/hqi ».*»J> ryco*. 



_Z */»»», ffrt** *»/»♦ 6T r «"/» «iT 



J^ * >/ ? gft r *VS » > ft HB "VBttr. 



N/3>U *-»J* ^T&XK- »y*ng 



3>~&Q*t*T«rR. *rt»*«.w. IM»UT «■»«<> HOi 



**«••% <,Vf> + 

i» ■**>«- Un>)+- 
•a<lq*i Cm} + 

fe*C»t 0*-) 4- 
M»«i6 (>«'>+. 

«*«ia. >l (>0 4- 
*•*."- t»> + 
»**ci« C*»l ♦ 

f*M 14- (•*)■♦ 

..y,a£> t< nl* 



«*.T> oeCW) •*• X» jt» feOtvv) -t- FHU.Q (»-0 + X OO Cvo) 

w«»»i ua «- x» '.dm to*) + *m»m 6of0 t- to i («*) 

MO-OOlO*.) +■ x»'.I> ftj. (M> + p.w.1. (-»*) + XOX. it*) 

w»J>»H>^ + 3»\3>a» Cm.} + f«_s CuJ v lb} t^rt 

kt»M(*1) + %• lt>M CM.) + *«"•+ <4*) + X 04 C**) 

Mt»os (»*) +*• -.Bus («) *-*(»l€ (i») .+ io« (?•) 
Htt»ti(«iA 4- ftt^kU (M) 4-FU.4 (on + jofc (ofc) 
hlltl (.*!) -i-4fr I J.M tA«?> + PRk-1 <**> -♦- jot I'M-) 

M»»4>« («* fl»l »k«> <M) +WLO Us> -V3lXOr:WH.* (MO 
HUtt <H> *X#! >>«l.C"»''1>+ «*ltl-1-C*«» -»- -Ol*'. X»*iJ.(Vl) 

i*a»v». (*i) 4-a» > Dfc-*- 1+0 +■ ^*«-v uo * j>» .• ©•»* c<H) 

rA«.bt«.6»it>+r«-;D*tV tol)* »s-»«-«ii<n)+St*.'»8»o <«•*» 
W»*>yfaB*t»l»»»T CW>4 P*t-tOM)+W>H>Mt OO 



^icaL. 



ht>BBU 



F* 'ire 3-12. Logic Diqgrams (sheet 46 < 71) 



3-87 



0»«OJE5£ 

Cfi^Jtkfifi 



C**? J»eHU 



Csh") jiai_ 



CK)_iftitX- 



t)v,/Q 



(*4) . ty tgl 



(**} jfii. 



O-Ojbcc*- 



<si[> .Mimi^ 



^*<j)jyafiA- 



6vQ ioa. 



<vV> y/iiga 



Cft»D _ic* 



csO wm 



(m) juawt- 






c^j^aa*. 



(<**-:> Jftfc- 



tV3>OQ 








^ 



ftr'! 



JjlJ/fl- 



jg.t 



t yp ma 



*Gh 



f.ypoyw^y^ 



-VKi/O 



. Jaii 



_£3£Hia 




SttT/<? 



ggfHI>... 



flMVTfMMHtl/tft^ 




■ I zoo) 



IE> 



iy!e ssJH^ Is 






fryttipl 






*IB 



fry/Eg* 



£iri_ 






1*6 



Aa_ 



il_ 



►yama 






**| jua ) 



1 



i±- 



_!»^eai 



«^- — H^**) — 

_2*/2 £ftg) 



in 



1£_ 



Hl 



(<**<&- 



' 1 |»>««tOQ 



y gs mu)ti 



JEAi- 



MlM* 



^tifll 21 



estiva s« 



">■ 



* rwiuOi. 



,M3Wa 



_±jjaa* Mi 



iAfdUft— JO 



5^ 



A rnmaa 



WA- 



»Jf>»- 



M BUMr 



iaiuuti — ML 



Figure 3-12. Logic Diagrams (sheer 47 of 91) 



3-88 



GH»V W/SQff 

G*>2> in 



&s) »VQ 



GWd M/fififc- 



C«VO Jfcfc_ 



CO tCTftWJt^^ 



Ot*0 fty/aoi 



c+v) fo-r 






6vS)-^afi 



CVO_EJE_ 



C<vs>3i*/i_ 



6w) ft/n&a 



c^OJfii. 



Owiiai- 



6hQ ■vy^nio 



Cvt)n_ 



-JUJ&t 



J0UUC- 




1*1 



Jftj(Ub j 



■nna/o 



fV»gfc 



4 



Judfe. 



-£A**t£ M 










1£L 



tnj/fl 



fyaoi 



J&l. 



^> 









1 



i£L 



lte_ 



JftJLl JkL 



J^BttUL. 



■JftB 



j&jLSahxm-jUf 




a»V> 



M I6») 



M i 



JfijiX 



M/gfl^. 




Won 



_Ear_ 









i><>« . 



taan 




i&Ofc. 



ttaawt 



topoafr- 



4^y 



■1 ttmni« 



aoi 



jissa. 



WttfiT 



^^E) ^ »-" tg 



" t e a. . 



HftOt 



bt|>£*0 » 



^)*^ 



yoa 



*_E 



t re< rt. 



«^y >1 



topuO- 



jb ^ t 



y/ma 



2^ 



J 1.0 



-11 



.p^irMnjg 



at 



_ia 



tin ei 



**/> 









aa_ 



WP>ff 



f*am 



CofO* 



"I — Mi. 



F'mre 3-12. Logic Diagrams (sheet 48 "91) 



3-89 









kw) r* /pu. 



Ond ^Hl. 



Gw>) i*y/Bi3 



Crt^Jil- 






C&a) »f 






(^ ££L 



Q»0 J&SJ/&. 



-to/Pll 




fa i 



£i^l filj tbB 






Tfttt 



tjta 



>b "■"»»» 



Jllu ... d^ 



]^>- 



«^ -^["tfta)- 



3?^/t. 



■a" » 

1811 



*L 



_fc>ili- 



_4ia 4aJ 



p>/i 



T >H r 



J fc fr: U 



.TMSTfrTua 



OF 02 



3>k/i 




r£2 WtoMV 



MPU 



{ *^~ <*>U>I3 



-it*.. 



_±3ua_ 



T>KJ 



yj>\g. 



fe#£u} SL_ 



Jig 



topSn) 



Jl'ffrWTM* 



■ S-E 



i be 



^Vb — -*M lb8 



■©— 



3 I 

i be 



a»yt 



Q H» ^yJ^- 



tmCT 



-USiS-. 



,.M£lff 



ioffeg 3! 



Sir— — s. 



Figure 3-12. Logic Diagrams (sheet 49 of 91) 



3-90 



3>g|- 
3?B2. 
HPQft 
Nl><>t 



fcrO&rt — 



HBftV- 



aoa 



J&JM 



AaJ 






M» >y 



aefc 



Una 



0»>x*hab_ 



Cl*>Ji£2JL 



(fe*) my* ftp 



6*)c-v0 



3UUL 



*t>* 



am.. 



h»ol 



Ail- 



>ia 



Man. 



JUA- 



3>>g 



hiaif 



Sftl: 



CO I 



BOO 



NPPt 



Ji££i_ 



J3UA- 



•poa 



_»££±_ 



HSftff 



_ca 



gtfiff 



HUUL 



BB1 , 



*UL. 



jfial. 



-•st- 



mt on 



JO. 



WBMT fti 



, atjr — v^ 






(OTtrJil 



EH 






teB?»atr 



&£flj) 



t — \ 

1 1 K.*j- 






Dewil- 



JUitSASti^. 



Ijtu. 



-©- 



kUA 
■ o 



arn*.^. 



ttfrrtH. 



Gt{Mt£_ 



EM 



IWA 



,J2t?ftH» 



.M&PftgJ 



<M*t>- 



GM 



* i DWltt 



r » NVrfHrt- 



(*ffc* J k*)- 



M I 

ft* 



at»»#f 



»*n\*» 



3Pf«rftffi 



jiSWAir. 



ttPPlMfl 



^fftSft 



MktM.lL. 



m 



Ml_ 



afiaAi^ 



atafift. 



pplvfct 



afrnfra 



m»P»«* 



£2£MfL 



Maea«i_ 



*t*£&_ 



trttPftftf 



KKYflHr , 






MZbMML 



ICflr 



ifi 3>e»«/i> 



J±Q££dl/p 



"BVTe O 



-E> 



>l#* 



ife V"+J} 



Hjx"xyi 



g^TE 1 



F ire 3-12. Logic Diagrams (sheer 50 < 11) 



3-91 



tags/*"* 







Figure 3-12. Logic Diagrams (sheet 51 of 91) 



3-9? 



00 ufyftfy 

^•O ±firJl 

(>*>> an 






O»<0 gon-i 



CV9) tPwA-tK>PW.M»u>0 



C4«S uantjaa: 



<.*^-ttAA. 



(.<•*} -etucsfc- 



£&***&- 



ifitfftiMiaitfD 









<S~f«mi\ 



de.} >ce»rrfli-i/» 



n») jgnittosa 



£»5 -UiSJI 

C j IhiTf ttOfa 



Ct«>TtflP 



XfrPtMn 



Oo)-tiifc&- 



OwSaoa — 



CuOJBUXtfiJia/*- 



ti»0 r Mt» trwvftwift , »»f>t> 



FfrXafrfftftr 



»«h»ia 



ucjtT 



Cvf> FfiJUfrPHg 









S3- 



lasiiiL 






"10 



Hfttt 



OK) Prt>r3L 



C-i.^ (»ii*.i»ui>»/.auii) 



OV> OfTCft 

g« — 



«»5 



-Alf 



-*1 



JKfc 



_it 



VMrlU/l 



a*, *\ 




|f> niOo^— 



kiwi/a 



miuu/»_ 



^E*> 



JU10. 



****i 



-&JMLX IV 



Xa»u4 ii 



]»)*£■ 
£>**- 



ttttf 



JtHstfl 



wftux aa 



^ektt/i 



z^E>^ 




-aa&i ad*** 



£L 



•♦X 



Hfe-O 



ure 3-12. Logic Diagrams (sheer 52 ?1) 



3-93 



oa) an: 









CS*) lUgflrHoft 



C*0 



.aa 



r*r»x*Vi 



3")^ 






M y»»*Vi 



-iftj — \ 



&- 



^g)3- 



CiiflttA. 



ii^B^ 



CcftaOi 



ZjE^ 



iquu 



t»VlUt7z. 



^xfft 



(W> ^(PrtT-.IPUMPIt^.^JQI^ 



cto &Pft6 a*aa. ^>«r*m - 



Cm"} tguaptfj^ry^ 



(Ml> B M t ir l 



C»"0 <»<a,n»0 



(^^piNFftBiiin^ 



C*0 n^uagg 

^: 



;1 CfH-K^-t-^-t-n 



OV) Pftc t. 



Cat) ^PR.^S-1 



111} WWM 






aa 



£ttJ_ 



Hicfv 



Ci*) jAfiA 



<>*> f*f«>PBgfr 



<VO H«MV^r) 



fftp»tj>, 



ia^awl- 



PHIri 




-ifc v 



-Lk 







HHH ft/> 



Pttl 



pi«py 



-Whaa- 



Mioooea 



MftfVIrl 




_aa. osm)^ 1 — 



r>»R; 



HltS IWo fa «.VU »»«-« 



Figure 3-12. Logic Diagrams (sheet 53 of 91) 



3-94 



£*) . roo - Baa 
Csa> uitjL _ — 

<*'*} .tot- JQ4- 



J- 



CS"»> ux*ut 



<gk>)(AV) ja/i -Jm. 



^v>»FT. I 



CSa-1 _j*jl=C 



Gw<> Jg*- jot 



(ytwa/a) 2it 







^ 



6vv> 4ta- A6fc 



Csa} juaJL 






-4- 



CfcS^ -30 tt ~^'l 



£•**} -toi- »j>tu 



C*V> -iftl--JlflL 



Cv> faffftt.vAi^ tyucua 



CS50_ttt. 



<&> Juuua. 



H&-.Q 



Hiti;a 



H*T*-9 



m ug.. 



c«°> iiaakt 



fOJt^BC 



XflJtEfi. 



t«T> Cfcaut£auM-H 



^•20 meaisL 



<rt aaen. 




^ ^H^/uflV^ [^)> H (. VWMJIJ * 



^^ Vtwa. - Vnca 




^hoot i^VM»a 



me) — ^f^* 



J^AsO- 




^mm-i^vsM 



4- 



fH>&-H03 



WftoQ -*) Wfr 



S < 



'VM- HPT 



MlMtt.- MVMrt 



«0 



-f 



ttOft - Ui,\\ 



4- 



MMt -»J>VU 



lWI»OT PlM MOi 


WTPOT 


1»IK» MO. 


>K>o C"»*>-*-Ro» t>ul^4ol tv$ -f ^V t^ 


hoo Cn» 


bttoo C%Q 


J0\ C>S> +- RO| C*«4-.i0l. C\0) + JOO Cv«J 


HO( CM) 


uuoi Ca»3 


J»TL CIO) 4- mil 6H)-«-io C*0 +■ -loi CmO 


noi C^y 


mhoi Cm) 


IPS C+SJ+ M) (44.) 4-464 Wl> + JOl o* 


wo* t*D 


M<MJ4 <^» 


.»•♦ c*%> + *i*v cx^ + ior cxrt * J6SCV4) 


uo* Cv© 


M»WV <»o 


.lor c*o + (u* (*$, + 4ow cio) +■ J«>+ C*9i 


uos 0%> 


utwr c*o 


JOfa ClO) + (tofc fcHiWoi (4q) + JloK 6**> 




•4IUi> 1*1) 


JLfti fcvo + *»t feu + 4c« t*t> + -»•<« <»<d 


U«ot C40 




Uo« t>D 


uu«% t»o 


not ( »V> 


umo^ OnO 




W to <M) 


Wttio C»t) 


HM t*1> 


twi f*»1 



a^O 



"lure 3-12. Logic Diagrams (sheet 54 .91) 



3-95 



(S»-> .HXI 

C**> _iul&. 

(*>*0 JUi.--ftlSL 

<* l > .J!i-Jl?iiap. ■V- 



— 4^ 






CS2> _MiL. 



¥ 




-3t 



SHH.-NHVF 






<£*) -HAL 



£ffV) WOT- 



itjt»<jrr riKi oa. 






Output pi*i wo. 



I1Q 




Figure 3-12. Logic Diagrams (sheer 55 of 91) 



3-96 



6i) ^Krae-i 



f^sQUfcue 



0> 



Ftt-fa-i 



•FftwftN>L 



ffi> f*/POT/0 



t^*) *MW>B»g» 



[) f»W» 



CVS) eiAtrl 






<;**> 1-^OBVtT 



<<0 



RPttQ4«H^-t 



0\) Pflei 



Cb> t^MXtlMCtt 



ce) 



*gHTCU-tt/fc 



CiBoi) acff-y^tMBTt 



<&<>> tetX*Sk.UH\i± 



Hi) i»Ortoi. 



C ") tnT>Hag 



Cm© fc>D«rt^.-t 



C«2-> OhPBll 






1 l' J TPftft t 



OfO iEAiJtiiiiafeJai- 



•fjtt /Hvo»m>t> 



8&- 



C7«0 
CVf) 

Cnl' 



*»«V* 



XJkSSu 



MUHl 



(PttXtfuaTT) 



htf «»»> , *W<E) 



mTphc. FPxvVbl 



■UCg|Vfa>FUMflfctf1rtiMBf>a) 



HgUSnr/3. 



"ttS-l 



FftfrPJfeVJE 



BflftpT^. 



GuD i»fwa. 



<nfgffl 



tuy-i 



la»tt»Q 



ja 



ea * fl j/K 






JBl 



.41 



J* 



jlfc_ 



! 0> \>il_ 



J* 



tnyauft 



Jtt 



( i lMTfM&^ 



_Si 



T±l 



**»<*• 



-Si 



E^ 



Cufs^t u 



NftUl 



!*<**&- 



la. 



ax? -ft 



any 



-kj^jL. 



-ill o^pbifa 



1*fc 



J3J _.„\U1 



-iafcfl 



}ure 3-12. Logic Diagrams (sheet 56 91) 



3-97 



Ce 1} iiiiJijrjBL 






..bimlfi 



fsio U5^ 



CO .irjitK 



CI/*) (cwl.Co^ti 



ClO> <L»mCQl.U=tQl 



(flpjfrj 



-£J= 



^j^a><_3i/i 



any Jfe- 



C^O .JrHftE/* 

tiV) .P,hi : 3. 

l aD ") FuaJuX- _ 

^^ -£HffTi . 




_ajL3&_ 



1*SV. 



~S£i 



(opt *Q 




biSiii- 



to^sy) -IS. 




„w.axi_ ... 



J^) c 



-Si- 



Figure 3-12. Logic Diagrams (sheet 57 of 91) 



3-98 



Cst) v*.frT*> 



cst> a*. -a 



C*£> . jojatiiflx 



(VO_&s*i-&sx. 



^af - flatt 



Cst) _ajij 

<sv> aw b. 

t-Aen-:St>r. 



Cr©_»*_ 



4C 



-^ 



-*- 



cn-fe 



SK J^a 



'ixft-o 



jfitSSZ 



Cu-y 



AST. 



a&K 



janaw. 



IOL 



CA-- 4- 



Jto- 




-A^ 



jaan^\ g /v>B-t/su 



aOO T * ftf ? 3 



^aoQ -»^m;v 



a<*v - ft si 



M-SQ4-- Maoi 



SQft- 3» 



•WSCft-MSU 



it*« 



«J6 



»"»» 



In<>OT Pin no. 


OUTPut- 


flM MO. 


4CO tM0*Mo CMU-t-tloi <Ln> -4- 41* titik 


«0| 111) 




J | C>*> f M| bit) •+ *0L G.1J + »M> CM? 


JOt. Oo) *. Ml. C*4) •+- Sol C*»5 ■*- *»l £»V 
A .01. C*0 4- mv l*%) + to«- Ca<3 4- *oc c*i> 


*oi 6>D 


M&OX UO 


»OS. <ot> 


««.«» <fo*> 


J or t>0+- M*" C<»$ ■«- %«fc (ol) 4- So* c*o 


ma Cm) 


NS04- tVJ) 

n*»r ttil) 


soJr <VQ 


Job 4 '*J-> Mfc le^ 4- Ml C«0 ■*- Jps trO 


N«ft6 6*3 


A M (Atf + Ml D*) ♦ *>* 6MJ + Ml U1) 


*QH (•»> 


N«4l (fl«i 


40t tMt>-»- im>» 0<tf ♦ W| Cvl) f V4 6l) 


*»« tH) 


Mtol <vO 


401 Cu0 * Ml t*l> f Uo C#l) -4- M« tM) 


Mf <M> 


kftfcl tVQ 


J 10 C»«0 * M.O UV4) +- VI te»> 4- S«4 ^i\ 


»io toD 


Mi»«» Ofi 


VI fotf 


•**»\ lMf> 



"gure 3-12. Logic Diagrams (sheet 58 " 91) 



3-99 



<J5f) .**!. 



^SV) sjsS 

OcA) R^l - pig- 
CST) A>.S4= 



CSI) *2i»..iB 

Cst) fix . _ 



(■W) Ml 



,Aii 

CJS) to/ <y,j » Hr»vT» 
CvV) {.F-.U.3X ~ ^ 

(54} MOO. 




l" ^J n « B \tis:J 



lVJt>UT- t>(|M MO. 


itiTPuT Pin mo. 


jta <-»cl +■ PiS Co*) + at*(oT) +. Sw C«D 
J»4- O"! 4- U><% to+i 4- 3>S (OS) + So (Hi 


'JtiCrO wW C«-\) 
i»<V £oi) *>*i*. t>«3 




Hi •see Loait 3»iAd«v*» Toft PikI iv*vV)C>/j.r>.M< >J 



Figure 3-12. Logic Diagrams (sheet 59 of 91) 



3-K 






C«o) xmtatikviA. 



cm mm 



} IhflTttO-t: 



>t»3 tiimuit-i. 



C j IWTgtflB 



Cm> wwm/>- 



Ci*> mCVffiagl 



ill) J£BJt& 



<*i K££UUAjOxi- 



(>V> (FHH>-frh> 



<^>)_EimjtAX_ 



G"0 BUfctt 



O-O UqHfr^l 



Os£> k> (P*±.F+ TM>ttm*m\ 



Ov> (yp>t/rftf*ftti»l 



Cfc) ^ qyfta c«t*riv> 



t5© .Hit. 



Cl<0 SM3SC 






C«0 i»r*cn 
Cfcc& XAft 



CS4-) HAS. 




laimtto. 



Cti9#SC> 



Upaul 



Jamim^ 



jatae 



H^&ar/t 



<- )liH>HTM/l 



^ MW»t/< 



Cn»"i ^ifta* 



"vWt 



unTyi 






MWM/l 



hfJdtt >£ 



E>° 



s » ? /t 




M Utt frr't 



iAfft!$- 



35^" 



-kJtVL. 



.frtr-^l 



HH/l 



_3gj N 



<»--^ 



«-sr/i 



*±c3_ 



*=eVi 



E>* 



<^--* i 



!=* % /) il. 



ec-i 



SH 



_iSiL 



5^ 



ja — 



tit! 



l»T-0 



tjvtty'i- 



^zzE) 1- — ^ 



_t>&3- 



r*\ * V i 



ffl^ba^- 



-kfii. 



QLxumaji 



BtlT 



te.v*gi 



iiuyi 



NVMMW*/> 



WftM- 



"iA«Jt>3 



r-igure 3-12. Logic Diagrams (sheet 60 or 91) 



3-101 




IL 



M- 



(JSV&O j^ a - s ^ V 

~ z2= HE 



M*<?a» v-ftoi 



mnoii- >ML<\QT 



H3 



O<0 ,u*X 



( <*• V-} jog -JIS" 
f > V)« IHT'SPl- 

tt><0 >->■■--*- ..._ _.,.. 

Cl) cy-» 



1L 



Utt,CHfe — i-ft >? 



-*- 



WLftOj-MLft I 













CA6UC Tt> 




IMPUl 1»lM lOO. 


OUTPUT 


PIH t>VO. 


rftermoRv- 


PIN »j6.C5*Ai 




too (£>%)+ oaoCoO +-«^«»p Co^ 


v-«*.oo G»<vS 


M^AOO (cfc> 


u.01 Cl<£ 






3 6 » (o"0 + io 1 L\ i3) i- i£ MP if>V 


lftO| (0(„) 


Khjftol <oB0 




fl oi Ot) + Jox £»Q + W*»C <->0 


Lfi UX. £l>6) 


Ni<\o?_ (\a^ 


LP.03L1^i 




zfc>e 




LAOS fjo) 


UiAoi Cv») 









u *-oa- CM 1 ) 


kJLV*0+ (4<d 


LA&S:<.»V> 

» ftofc( it} 

i-ftoe, tie) 






ftoff C^V) -v Jos' tasi + a<»»Ji (jo 


K^C5 (?*J 


WLA6S eta.) 


ULdOt ("*t) 




so b ($<$ ^ jot, <.ji3 -t fc«£Mj, fetP 


uAOfe <*y 


KJ^^fet C41) 


Ut-ROT 0*1) 


— 


SO T (_4£> ■* -kif tSt>) i- HJTRtlOl (*§ 
<3oB (033 «- Jt>8 k9 + |UTma>o« Oat) 


1-K0 6 Cent) 


mi r*>8 Co*) 




S 61 Co«)) •+ -K* CkJ -t iwrtajol on) 


If-O^ (ot> 


MiM 1 ) (a«i> 




^H o<u + -ill '*0 + nTft-nu tn) 


UAIO Cl%> 


Ml OilO < l+i 









Uft > » CJo) 


wi«m Cvw} 


UftlA<4*J 


. 




Sll (>« 4 OIZ (>£) + IKTAJM ut 


IA«X (J*} 









Sli ISO + 4*3 tSS) +■ |UTVt> VJ Cli) 


I A >3 OO 


, 




%l* <!«5 + J>4 t3"!> t |WT»»*(,^ 




(jirn* <<vV) 






^>iy C*i3 f J>S- <iii) + |^jr*i)is C*S 


IH-AI? <4V) 









Figure 3-12. Logic Diagrams (sheer 61 of 91) 



3-102 



e ) iMnpin»> 

en) t ffiy - ^ i 



ttatnox 

Xmausk — 



o-i 



*tt 

») IS 



fHflV 



Ofc> texs*Mg. h*<»>-rt 



Citf) ^»fHoffafaa^\'V 



a«) H^y^y/i. 



C«V>OBk£iua- 



<**» T*ynit. 



(Ao) JS&. 



CaptttQ 



3fl 



Mj -v 

31 on«)o^- 



^B^^ 3- 



p«a\^V> 



01) axatJiLfi*- 






GW)J»*!ilA_ 



C 1 ) aarmtn 



CTD BttikQL. 



LafwgL 



frnff—d 



<^ttt) 



Cysaal 



to ite 






uejoUt 



-£4 



Ml 



-ilfeA^ftl 



H^Br 




Nft»*01 



MKfcH/i 



frftsrfti 



F'lure 3-12. Logic Diagrams (sheer 62 - ' 91) 



3-103 



^0 ±j*.\S 

C>-> eJJSri 

V"°5 Eecmeojit 

Cv W .NCVPaO- 

CH"i Jucutua _ 

(it) -btaatx 

O-s) iuituT. Nia-) 

tvj> jg*<fe .._ _.. 

C * 4 ^> l£M4.ii=4Ujafta$> 

<■*>> ua-u 

•^ £«fr! .... 

$"•-» :T^«,ft.7>s, 

c "7°) M^&fia, 

(t-O tiBftUfli.-- — . 

<-H) iJEWDfrl 

<*0 .WBfcdUE 

t">-0 ^jCrjjBefi.^*j;via£*i- 

«c0 Ju.nATaa«i.y~- 

CV1-3 J=vj«J> ._. ^ 

(It) -EUJCfr*llS^X ... 

(.W) _r fvbXB j».tdu _.. 

CiB^ (tPaBakvii.MEWi-Ji 

(teV) e^^iodKLSit'S . 

fio) ^s-ia ._. 

do) ufcoi 

(■l .wm>a . 




hfcsftfcca. 



-HWft&Ol 



*»£*>>• y^- 



Figure 3-12. Logic Diagrams (sheet 63 of 91) 



3-1 01 



0*> tfHa .fufwim .u*iiQ 



LSSO U(iLn& tua^uj^ 






J*f> JEti» ~ 



») fttg-i 



>£$ frMflumi.il 



vi«0 n»-i 



p*-°^ town ■ i ■?>«■ Mf n jp >m i ftift} 



-JH 






,** U».»KO«./*U) 



3^H 



immnyaii) 



CvjO jttUL. 



tvq)juuu 



Cw *) Judaoau- 






4t«sj)iL. 






JU&L- 



Cfc*> ,uflAuC/4 



C*S} (fo/pm/rfHnftal/4- 



Ostf) (uft<wKflt»m>j>. 



Ifi»»j&. 



sE)^ 



U*i iPtva. FuMOBjrti Nttuift 






C%»> JWU=i...-. 



C*»> pwvt. 



Oft) UPMt. 




Mftft^W* 



Kft>,flVsm 



Cvai> p*?. 



00 MTHtaPy 



Crf) JUUK 



^ftfrltS. 



lfc>$ Lltt^l 



8 



tWV} HflftMU 



CtoS) Kffrf VM ftAi. 






Nftft^flT 



^MBnunt^fhn 



Prtt.p^rfntiX- 



PHtftn wamim*) 



5-^ pui-i 



^aO Cetta.iEu^gT^ 



Uie**j> 




maa, 



ngonsi^i ±u 



j»i -v 



(lUMf 



ftma 



pfuvj<V2. 



H<HIYIO*/Qm1 



(ftfft^ 



_J8| N 



*ift4**/l. 




~C3*5 



it 



*H — \ 



J± 



JLfidS.. 



K*M«tyi 



Hft»*ft%/t 



riM»tQ»y,tr<m.ty 



flftaiQ4H,LHl.\g 



figure 3-12. Logic Diagrams (sheer 64 r f 91) 



3-105 



CV*> frh*rft\. 



gfrypfe- 




(fatO .a&o^ 



Figure 3-12. Logic Diagrams (sheet 65 of 91) 



3-106 






C fc» VlftAX-OA- 



6w) mii 



OS) £JIEJU- 
(.1.4) ft*3)C 



<>*) ^frfta 






0.S) jJA»_ 



(to4) -Hi** — 



Clfi) XP M i^.!=MftCtX 



CW> eavpifrtiMAi US- 
do) jj^a. 



CIS) S/l3«l/ fnW-\- 



Cb5) (gftlttUlQ 



ChVi eimftL 



gp.t'-ppw 



-i4 



a^ 



y pftVi. 



QgJ> VCHVa/ra*. 



o*b urgut,e. lto ^.ini 1 .) 



o^xiii 






OO hftgHiHHTM 



at_ 



iqp*«ti 



rfta^guae-Q 



tPrxiiFutfl) 



ArgA^O 



B^^Fft^, 



V*ft\/f:*i 



aiWi 



-4£ 



Jfti 



M(*ijB»n/t 



jr^ y** ct/ftfwi/%> 




-fr-£lj~^). 






i_c 



a£_ 



_£fti_ 



fifc=a_ju.r^A)- 



9 v 

©toft 



-Wtfii 



M S fr S t 



a o 



-tHftl 



Aft MR*> 



^BftO-> 



laum 



-*Hoa») 



-SAIL. 






-*£> 



& i 

•»#> 



KtAt> 

y!fc I 



-Eaa. 



i*_ 



^TftMr"! \_ 



^ ftf>a,-> 



r jre 3-12. Logic Diagrams (sheet 66 < ]1) 



3-107 



CbO ieetn»TittTft 
CT») "xe.£j4fit*.BCej£k. 

Oft) aJBSSii_ 




Ca*^ istnn 



6u) uiffiftyr 



^( > /p *W ), 



_.M(iS/EW»i- 



^E^ 



Figure 3-12. Logic Diagrams (sheer 67 of 91) 



3-1 OP 



OP nr.V *W>,J| 



_*4j 



Ct-V) CMftJtl 



Cii>_Eaa 1 iX 






QxV-EUfl* 







Cv»0 wi^/n)iflx 



p-x)3£S££u3*a: 



0«& HHrCrt 
CM.) XBttl 



g^S") _U£»m. . Pll MP ft/ft ■ M Bfe3Q 









uf»&i . »u fi6/iiMn) 




U4^ >>MMnh,/BiP 



fcrOjtiaa/i* 



M&U/jL. 



Cua-j (VkJIHT3 






^wtmi) 






OL-^l fill o^ft) 



«. o 



aa he*a 



a* frM> 



«>Si BA-VI 



JU/ N 






C NaA»iBttjr> 



Vua^itaftt 






/ JJAail 



& 



( KAMBA- 



<*"£ J**A- 



^JUoUXL 



&V> JCA- 




fafqyj) 



k^R)^ 



u** 



*t>4/r, *i 



fVtf fHTH 



HfrV/BM^ 



^Ua.— Ji 



o^ Mft»e »o 








r!«e<aui«uTe 



c. 



ft«- fcMgflr- 



♦ V MOMtt- 



ft^ftmr KL 



,ftttl»t>a4r y^ T^V^ 



-fe^BSuflUb^fiU^) A& 



IPRCr<tUifci TB 



Jftfr 






~fi£W5HSC* 






* o 



amr mmn. 



°iigMi 



f»Uff&t 



_W£*iEfc_ 



Igft3>teft»9cmy0> 



f" ure 3-12. Logic Diagrams (sheet 68 91) 



3-109 




c ck>eef>>v_ *vfMT> 


X/c ?»<ae»> 


rvtViT Pir» 


J-BuS HOPoT f\Vi 


PBS. . 0<- 


JO \ LM> 
.10* O'O 

j 04 OS) 

JGfc»Gl) 


joeCas) 

J 10 <i r O 
i 1 1 ClV> 

JlJOt) 
l3» 


Poot"*^) 

¥03 C01) 
Ron c vsr> 
SOST <At) 


•PCX C<V<) 1 
pkX C4«0 


14-fc 


\%a 



Cl) vce-»"=v- 




OMA )±fe_££JLfe£fl_ 



11 .fiJY&tK.ft. J 



.ttV .SWfi, 



5 ***»:» Kl 



_£aJtL£^a 



HgesiBA><ai«*« Air 



r 



.... fr>"ft-AT>&fc*Kg*> - 



(«.) RftO 



t^tso 



,3E- 



.-54 



-_&&& -3fl 

£&£l1 si 



[Ty 



j4J- 



E> 



c^ p.DXl^O 



UK«*T>pgQ 



_»»&&JJ>&1. 



kiwjiml 



Figure 3-12. Logic Diagrams (sheer 69 of 91) 



3-110 



6T) h CM?g. 



C>"0 NPAte 



y- 




K » 

n't. 

« 6 



NJ^»B^ -'-'S-»v S 



VHaPft - L»\ff 



IMPvjT" PlM MO, 


outxxjt- pi»4 mo. 


tJS°6 03) H- NUISO& Co?) 

nJU Cm} -t- wl*>U <x<0 
w3>»i.C*i) -+■ i«ji-»\H- <#0 


hi.aio as) t^io o-t) 
mumi <»<y urn Ota 

WIU3. 1* Ho) US IX. Ul) 

K>Ldl3 t*oi us is C»e] 
Mcai* C«S> laihCso) 
UlgiS (2j) ui iS (iX) 



LQOft 



v uaio 



MiAoq 



-W 



_2i 



21^ 



(HK?a . v§asi~ 



-i»»kSe2aiJLfikiflX- 



t WW:^lQ 



^JbiVAll 



hv s ;?- 



, UL4li 


IX- 


; ui^m* 


*«r 


> H.HMS 


u. 



^ X 



£ ire 3-12. logic Diagrams (sheet 70 . }1) 



3-111 



r^ 



<JlO EJl\rJ= 




m-w uptl e fr 



< , f it P g-i-Ea&tJ ^a. 







Figure 3-12. Logic Diagrams (sheer 71 of 91) 



3-1 1; 



Cu*> Evas-Put. 



c # 






is °'v 

JB 



£?«*"»*£ 




CM J»CH.X»>Yfe'00 



<.-**> jhiauui 



Clo} JJfcVi 

C4A> _J»fl* 






N W» l i ~jg 



T 5 ^ 



I qJ»S 



_ M^» fTig>-L. 



_4L 




<M> X*POA 



Clfc) bat-i 



4-7 



tPfTMUft 



» Tt> 



£»} P"i 



CW> FMH»»tW- 




CIO) LAIS 



Cl«) JdSt!A_ 



o«i> j^iiaL. 



Cia) _tau_ 



^) V»H 



C2t-~) T=Utt3>Q/qlXX 



T»»yg*ft 



cto tgf^g. 



— j-SBtsat. 



2S31&. 



i XdfcAXA. 



_J3B£*»£i- 



gfiPt^l it 



vc 



A&ttS 2LI sob 



3X»~* 




< fl **_■I■^)* , ^yb** 






IB 



i« ]P~^ 



lie ) 



^^ 



* Tma -res*** mlmlmv|s 
Maw. -t*«*,* \% *** 



J!aS£fi»i. 



..U TfrfT .TK gM . 



aspnoft. 



TbeV» — i*si*_ttn^B)_[^> ^j! **>>**»/ 



-»> 



/c»;tiV 




'lire 3-12. Logic Diagrams (sheet 72 91) 



CitO 



(U>) tj( V^ , «»)T ) 



tii) » h.^i»m 



O-to rw?3»! PH a 



Cut xa^yc-Kt 



_lBf 



1 2k 



)lt-Q:<,Fl\ .r M&ifk- 



(f^auX- 






-Mtf/WVi|)^> 



-f 







iL_t£E££4_ 



HUtj 




X»P^| 






£S/ 









^jtsta. 






Cn) N J^ :. 



0*0 SS33_ 



C*) iSFtT 



ox£ Y5fl IHMPSW 



TiT)l5_ 



-fc__3»6:ai i- hug) S ^ 



y»eg 






xa/>,Ni>/i | 



»«SJ ,„_£ 



Tftft^^l- 



©J 
-"CiE>- 




0*6 
04* 



»i£iv = eagy 






04r 



fife 4Tlfta*» 



Oft H E» »m«&- 



■M-f »T Q l. 







MXa-Piu 



-SaiEaviBiiaiSii. 



_HI££ja_ 



Cop*-Q iA 






iei£2iL+BvlcO£i 






Figure 3-12. Logic Diagrams (sheet 73 of 91) 



3-114 



c»«> natui-i- 



Ci} ,ms/i 



^iwwMe 



C3*;uUUJ£=l 



Ci-Qiaxat. 



03<>XH£fi&. 



Cldlii3cftEia- 



( Ct$9*jk 



litpuuafcs^si 






B)J 



LjBLfeX- 



tHJPM>MV- 



C1D y*Crtwtftv»:>ffY> 



ci6^aat£ifiu. 



-flOf— — N 



**U* D/VN 




aaH-yiQ/i. 



frfrt^Wp 



j29ftzaas_^! 



*aa -3*>t y 




I >*c V 



^- T»t-Q-r<»*-T 



"XMBdlUr- 



I<»i- - R-ff *4&rw«. tNPoT »IW uo. 


OoT»uT l»tl* MO. 


T) o 1 1*4} •♦- Dot 0-»-> 
•»oa« Cm) +»n UO 


rftLo 0a} 

X»t-t C(4) 

x<n-t («o 

X»Ub <!*> 

x%«-*- Ca» 
x»«-r <»C> 
x.*-cfe «^a 
X» V-T ivo 



TOCO 




-Kki*_ 



ytffOfc. 



J «CJ ^ > " 



L-g)— ^j 






— wu — ce> 






HiH^* 



SS^ 



^ 



— I — PfV l^" 1 

$** rsaf^) |c£>- ^ 







^g)— j^> 



1— p*T)— ^>^ 



n.-».c 



— 2S«\— ^>* 



^ 



L— jxst) — j^ >fl 



■*s 



ZlfaW**)/ 



n»'.T>»o 



/xfr-.ttftV 



tf>.i"M 



/tr.Prrt/ 



at-AHftT. 



/J^>l3lfiV 



m ifi a 



/ar.^fty 



g'lBM 



/3Br.PftV 



fg'.ttftST. 



/*»-.pftV 



W.Pftfa 



/tcr.a^Y 



yg.pfvi 



jre 3-12. Logic Diagrams (sheer 74 ?1) 



/Hg-:FB.q / 



/WiPI"/ 



/iftl£*U/_ 



,A9^JEg_V- 



/IO : R»y 



/t&ipesi. 



A» • F"W 



/J»;pRj^L 



J(-8,H 

-»- 

JI-tiF 

Jl-5,6 
.11-11,1. 

JI-3.G. 
">> 

"TV 



CU> _FfiJU.ikte.lEK.- 



)-tse.iiS «4 



^F-*b-___fc_ 



t JEg--F^0-JjR:;trP1 ^ 






g»*>a ..y 



(*5) tifk4J\ 



CI1) __J.B5t_ 



C 13 ) sSQpy.'t-ft'i+^go 



<-T) ■JJ-V.'AM-- 



t") MC"Oft>^M-l »J_»D_Ol_ __ 

Cl) _C_tJ 

(4*) _3Li_i 







^ 



E> 



■G>- 
-©-- 



.14 

jOA 



vc 

' 

-. 



JA 



1>C 






___©:.- lUBJ^ 



». , i« 1 ft-y 



I» '■ Fg»j 



l£i--S^ 



-i-L_ECL| 






FBA- O - FRL1 



IJ^RA-Q - MFItUl 



p9.\.-VUe.O-, IVjPoT t>IM MO. 


ouTfuT Tim 'jo. 


I8!PROUj) + roe toS) 4-aduD <.o0 


PO-UO (o«) Ml- I2i.<i (e x9 


ISKPflll Co<0 + J_<>1 (OT>+».&KJt> (it.) 


Pftui (_b) m(. i . \ iue) 


t» :i*el (>&"> -»- Lit) Cis) -+-**«&«."> 


PftX-T.(.t») o( n_J n<o 


l» :*i*;j. tw> * rn tn} + OADoca txO 


PHL3 Cto) »ir^nc3 Oi-} 


■a_*n»«»'». <vo + * n. <-^"0 ■+• e»t>l»<nC>0 


PU.I.*- <M> MK»u» Cjo) 


idiP** C3J1 + I<3 00 +• a*»D«iC-a> 


»»».« <■_<_ M««x«;(jt) 


x»:ca.c. oo ■*- xi* 1*0 +BMoe_UT) 


P «U fe (-MJ Wl «U-«. <<«} 


W.pfti t*s^ +■ %\s IAS) +e«*/i(ro) 


r-*_,i c<**> umi.-f rtij 




-iVEA^-irl 1 ^ 



. £>/«"» V/Vft w> 



Cs/K.» z/<HtO 



IV»_-^te-«>^ 



Figure 3-12. Logic Diagrams (sheer 75 of 91) 



3-116 



/c&'.ra<y 



/fffrHfr— / 









"EH^ 




«a-iTiH. 



Hnr Tiw. 



jMtiii 



^at'.ax 



cuo puts-rut* 



Cid) t-fttfl 



Qfai) jt%n^/i=i.. 



Cv*.} JEttX- 



<-i«»> ain 



<^) Foy^pu^/fc 



Cl*) iJtOtU-frftMQlB 



civ) Ttt-ffa^PTifliJ 



GUO.&fift- 



O a) jij^ w u-r hM»^» 



Cl) £&£££ 



,»^paitiT 



trs") nxirtwo 



-it 



t~f*\} 



ax 



-Al 



(ng*H) U 




aa^^af^y. 



ififfc^- 



la* 



FlttymV*' . 



32££E*J>ifeiSi»_ 



.^fiasenfei- 



3?^>S»- 



Mfl^\T 



H«MM>- 



fnf tifr 




-1£ 






jMr, ttt»%X- 



4rt. H>«HWI 



64^ }*s r yiiaafHyrvwtiH 




uo as. i,,p Aa_ 1 



1L N 

a*)*- 



it, N 

l©r 



<NT»«rtli>»M»Bt> 



-isg^ 



miu is/ 




ItVuiL 



-£i*l*l 



1a#M]l 



»-fc»T 



*ra»%T 



»ft»T-v 



anATiff, 



T+*.V-b 






CT+HMVtfr^ft . H»frvr. 



-nfc-TB-ara- 



f MltHWQ . Mtflt) 



Cqfrfrt»-r ft*M"fl 



r 'iure 3-12. Logic Diagrams (sheet 76 " 91) 



3-117 





} 


tefHot 


Asr r 








4*7 


tMH>»I»BP\M 






*ll 



5~^\SB^i3^tiI»iLa<i)__*3r- 



tCfU-fc^ 



Clfe) JJH^Vl 



(fit) g^rvtvl 



^ JESfilfta 






ii-l*f 



C^(ftsgiuT>-^\rtl.> 



^ x ^ fc»T;Ug-PO/Q >»■& 



^ 7 *> Hlft'.FSW 



I 1 Ml«£ii±J. 



C "> K>ii»ti.smP 



aiH^ T^> ^. /fr»-.M^ 



<!*/) Hfy««q > 



( ) HriTltQ 



c>» (ypwnft^ 



Cm e top s 



.... jl&sl_ 



<2S) Cu«wiT.Kir»^ 



£*S} .fctTW^ff 






<*"0 je«AJiMiLd_ 



<-»«> K.>fftynH»-l 



<■«!) Cija^tf.Af.trt-0 



CIS) 3»C£A\^± fulfil. 



tan) ^Bas* 
(£8) 5tf?\.-J.. 



C") JPfrrt MhT>:±_ 




Figure 3-12. Logic Diagrams (sheer 77 of 91) 



3-llf 



CiO xa- 



JfrKHfirX 



£*« «U>l-> 



-Afi 



fflygnl) 



^ rypnos 



^O T+M AH. 



dib) r<am><m. 



tT)j^fc_ 



/jfr>P«V 



->> Itsc 



^> 



ii. s&jyc. 



<-i) _c*-i 



/r »my 






a*aj ^> 



a? £giea a* 



^paatifitt- 



Ci1$*t 



p/Mia^aM 1 ) 



uflL. 



S5> 



ao ■!» 



CiS) xMTftaL+fc^upa 



<-T> jfefrj,. 



<gr#M> y. 



« y X MB 54 



»gw_l 



Clv» JffriT 






C-*} twi-i. 



OBo} _»* 



Ol) "1»1P4>. 



CV> #flT 



T iMrHHan 



*»•-> 



.JHlff-t 







J2J5- 



HMnl^-l 



«•)««- 






R. O 



3fi_ 



;FgX<H»/M. 



JM»«/M 



-3B£B££&&UL- 



JSiEfi/fcV. 



as ay ms. 



K>*«>«ftOT 



,?»«s g n 



T»P-tQ 



S>J rtUft 



3fl_E»fiat 



^ if.iit- 



^ agft'iMtrt 



tWMttMW 



.s oiF ill vt&m 



(i»;p*ii-n;»t*«if-> 



Mxar^pw/a 



3?*rt*oSflMUU^ 



¥»»Hfftgttfc«i1V»-T;Hft 



F' 're 3-12. Logic Diagrams (sheer 78 c 1) 



3-119 



(76) JLOQ+ft/jA 




(s-O MP J, 



lOULifii s 



Flgure 3-12. Logic Diagrams (sheer 79 of 91) 



3-120 



LVS) 33X»o/»* 






«0 .l Eft ^t -i 



L») JlMld 



Oo ifl« 



S 



tllj «*»-> 






tO rx.-t 



tra) jaOn.rh^etl 



Ot) £5E 



Jx*\&v# 



Clt) *VT-I 



CTH) ACaA- 



C8v> ifrrttH. 



C*%> aawttia 



ti8> afrpviftgnurtiv 



Lsz) riftis 



■©- 



osrr 



at tiaft.. 




*».-%* 
-*>— 



BH^ 



M ^••T>'»^l 




£3 fifcl£C 



°1 HT»»fft. 



Ti>gfty/« 



jns&. 



B<M F » 



3E»ft¥Oh 



-»»rtftfc>X- 



XftPtiafaOTB 



jpr^wwi 



T»%nu 





ov 


^S-«Af 


A*«t 






e « 


>v 


MMD*» 







tftEttta 



JCfcfc. 




MMKfc 



MtttS) 



F'nure 3-12. Logic Diagrams (sheet 80 " f\) 



3-121 



5 7 1> Xfr ff tt/ft ^ 




da) aw-i 



(3*0 Jfrfiys-i 



X&P^pl 



Figure 3-12. Logic Diagrams (sheet 81 of 91) 



3-122 



<■">!> S&. '\ 



grrvio 




} — tf fe»* M flH 



I" I ■ !«. 

CIV) !><>T>Ott 



fgfl t+9% 



'ps'iXW 



t Sfr-tfi., 



(<y»s^ 



tm|rft**y 




— »- 



< rwna — r 




^l«» 



-gH^ 



>Hn&. 



\or (»»v*»'->"^pff> 



3^;tfl. 



FJ e 3-12. Logic Diagrams (sheet 82 o ') 



3-123 



^ i-ifi) — — -,7, iUA.px®P^-». 



(O c^l...;. 



1A 



LjJfSftll. t-l 21A) 



.*S, 



-e oj-afi — 

^ ,]_1» Bieiv3x-3 

i 



fenced- *1 2 = 



if 



3>r^?(? "• ^ 



t>¥»JB*-3 



_.£fl, 
14 



15) 



(flfeN)-- 4l] xja 



4£..5?¥<&-A*/t 



«*J >**, 



<o^?Ni) a; 



g> 






±3. JJl-Sr**/? 



4£.~ 









<Pf«-0 4 



{aftaaX 3 




i3fe_ - _ 3JEJ2- 2? B .*. Jl_. 



"33)" 



i 



Sir 



e o 



AS £3EftA*tyc^ 



'"f^-^hi/*) e o 






ii .. . 

38 3>I»*!HiV'l- 



cu-a ..._ I ± 



IK)- 



(■Pf*^ £L 



'^^■'i-^if^r)- 






<&. £5fi2£*I:J 



_ek 



BlfAw/l 



SI6« *./o 



.3lE»TtBylr.L. 



53»>«a*3 






Figure 3-12. Logic Diagrams (sheer 83 of 91) 



(8») 3> X»P8 xT- ^ 

F^Wl :_ 

CBS) l > gW eBi«^3_ 



do x*a.ax 



>©- 



»*A 
C Of 



33 ££SJ&A!2J2- 



4g a M 



E>- 






/JgEP-gW*/ 



-EH^ 



h/» 



3k- 



_ja 




JSt_5J$I»El_ 



Mgfft-ra 



<«•) p-^BUSfjAat 



f npnu 



-Uk-JD£fi£& 



3i -se. 



JtSEftEA. 



-*|^U>)o-» 



*©->— »* 



/iir»'.Fg/ 






g)— |^^a- 



anreretft- 



^atflr - . f siy.. 






— !$J -y, A__fe> 



H »«p) 



(opttrQ- 






IflD 



<.«•) Bar.-!-- _. 



y-S .T-T, •» 



JM^I-gft. 



693) JI«fty/o_ 



<!«*> Jifefi^vuS ^/ 

C63.) BEft**/i 






•A i 
V)A 

e o 



— #- 






_£? 



ZSA 

« o 



y- 



*- 



-py&itiSAXSi ...s.aiax.fttg v» 



_C4Ja&i_b£L6iii_=-J*=BXft;Ai«-i a 






Moo to*) 
HOI <.»»> 
HAl Cl-O 
HOS Ct0) 
H04- t»o> 
HOS CVO 

Hal C s©> 



Mo 6 Cos} 

Hon i»V> 
Hto cm 

W II. i*>) 
tv t» CvO 
u i* 0*0 
mis c«o> 

las a) 



OUTPUT PlW *>*D 

mo •. j» <M> wj>xfln aoo : D tot^ 



3>r»i /vol • < T>00 UDWMC1B Oo> 

3>i©t /vo-f;»C*-*} us>x»:aov.T>6h.'> 
(Vi*} 



©t*-: A.06 

3>X«H mo 
3>re '. a>h 

3>T0 ifr.IT. 

«C» I fS|<V 
t>x© V A 15 



•,T> CIS) 
ID U&3 

:6 <-*$> 

iJ> Ca») 
'.T> 6*aj 
1 1> C*s> 



«J3>i*!A4»:3> C**o> 

MjMiftl + .D C**> 
M3>t6\ M«'.T> 0*O 



^rs».> 



, r Jre 3-12. Logic Diagrams (sheet 84 ?1) 



3-125 



5>IO'.AOO-,- D 



2JI»:XB9i:£ 



.3tfl:iAfi.i:.J6.. 



3M».'-ftfl%ll> 



t>xq : *so<\-'.3> 



xn&:ftQ?:b 



(8^ — 



TCa-.Aofa',$ 



MEiVi-feoVj). 



Bft.'rftaa:]? 



^xa.L^oai: 



3>io; a, to: d 



SX«r'^t\ ;J> 






J — — . uHiT)-_^>— _ > > T— /Pf»i^oo/ 

&w5 JJi|~^)o-J I g) [^ fcto 

— p 14 )^) --{$£> ^ > >-i VJ> I fr^Qt/ 

ftfifi ttf^Jo— J I f^)-.^>i6_ "Js- 

„__ __ — r*©-£. > > -r— — " ^"^- - 

fcu*_ J^jp— J L g)— ^* ej». 

_ _ — <ag)_^>. _ J ^\ ^EiftiAfili... 

&*a Jif^A>_J I gy ^fe i^e. 

_ __ sa| ^ ft j__j^>„ v,> — /s.»i.fta*/_.._ 

<"* 4^ ' I |^a)-|^> 8 - 

. _— rH[ta*)-^> S >> [ ASBSAfefifi/.. 

ftfci ,_jaQo J I \^\ --fcjf>» _..._!^e. 

_ — . _*a^toft)__.|^, .> > j^max-a**/.. 

feua lsg)o_l " I g).._jft^il._ Hfe 

- — ,M -waV-U^- ^> — r— /-KBfti.fifiV_ 

<**& 2tj -j^^V 1 I f ,«, a j -jc*- 2 ^ ■■M*- 

. a ,^)__|^ ->>— I — ..mxaiAi&U 

«^u *JbT^)> — I I. [ma) |c^ao .___ i^Ze. 

?^28ft)— |c£> — »—- j -- /"PI*-.-. **V... 

^t> -n[ii[)>--J I I""***)" ^^ -^ 

*«N»fc)— |^> >> j- - feX&l^Q/.. 

Q*i^ ieg) I I gy_jt£>y at* 

ag^^—^'V rl /^E.^- 

fcufc il[^)j 1 ' C) - £>** ^ 

. ifi[zto^- |^> — »— I /a?JAVAii/_ ... 

™ - » - — **p)o — I I — — L*^ r y^ */* 

Figure 3-12. Logic Diagrams (sheet 85 of 91) 



3-126 



f3>a»lft>V.3>. 



C64-}— 



■p-ri*: MArin 



.T>I fr'. /M*t p . 



<k±i3L- 



<aMO„ i4 



<oiiU» M 



— — 1 Mg^-g^ 



r^)> — i 



— »— 



T3-I4.P 
— ^>~ 



4k»a) — ^> 



ia_ 



I» -I4..K- 
»- 



H^ 



-g) [^ 



*Vc 



_/3>as rtft -\V 



J^Sr 



/Dis-i'Mg-/ 



Jifa 



C8») imfiryftJtT-v 



0*1> .IM rJ flff ^/_ 



(aa) j>ran>Rv<-i 



c«a> aafrPft>sT-a 



<«-) JOfa-^M. 



(**) ^ro^BK-a 



<S**-> J1Z±^15L_ 



-laj^)- 



J2: 



_i£ 



rift 



M I 



or o 



M | 



X 



*t- 



•aCTft-iTPiK.'TT - n>Ift^JBZLUX- 



^3>r»- .PB>u ;t> - m>T.v , BB^ :x> 



t »:EO--.J>BXT.:3> -3»IOr :3.gj.T,5> 



t03>I6Hl>BVt.,l> -^3JKSr:3>BaTI^ 



•*>«»•! DfcaU) - 3>:na>-V3>a3i jt> 



liXL=J*33filJ 



t*>PVIT PlM UP. 



OOTpoT Pit* MO. 



•iO I Cafe) 

Out OO 
■J6 3 t*-0 
io<V lv») 

Job O»0 

JOB Cl4-i 

d»9 Cxi) 
Jti Ca*> 

0>JL CoO 
4t5 Co*>> 



0>r«r t?>BtftS>Ov) 

3>x«r '.!»»*<» :t>u-d 

Stoat- Dfeir.VCVQ 
tt>i»- ;!>»•»».: »tt«5 

3>x* v»aa»'.» i *Q 
rata- 1 sat *\0>C>vS 



Ntr-TO'.'aBlVJD C 



JJA 



F r e 3-12. 



Logic Diagrams (sheet 86 o" ]) 



3-127 



/ J&Ie-.S&teiB 



sxa;.SLB>iJj? 



^aft;*e>.Bii 



ajfialiSil-s. 



22s? ;ija^e^ 



^Ift^Qil^ 



(8tf> - 



32ESi2011r-t> 



SE*",3>QZ*V3> 



30l<> : s>^W; j> . 



.a3»viaa5.at- 



H2£&12Bib t £. 



2I»i£ie.^l!3? 



^fil»l3>Bl*'.e 



SZ&LSB.VltB.. 



i>i»-'.;sfeagLi:a_ 



3a»2ea^o£_ 



Jaiil^ 



13 maV 



J 



flrK>fr- 



3 



■"l^ 



£tfc!i- 



-*g)J 



a»ift_ 



^ 






S±i&- 



-i3J 



6Mi> 



*|>*fc)o 



J 



^2**) — £p>- 



g»-f 



JUJ 



-^> 



-^ 



£l±B_ 



-*M 



ilk^j- — Uj£>- 



<%^1> 



^fc 



|z«va\> — ' 



33 24* \ k»> 



_ai 



ji^wV— I 



<jpiii 



■^gn 



-^[HZ)o— I 



j 



Mifc^vV— ' 






-n 



J2-3,C 






I 



/T>i»',3>Btt./ 



&>•— 









Ji-i/c 



JX-IO.U 









11-13P 



-» 



J1-2.B 



.13- 1, A 









I 



-|w»kV-^> 14 






Figure 3-12. Logic Diagrams (sheet 87 of 91) 



__g)_.|c£>tS_ 

— **"M — [^ 



H2<»-:?BiB 

/Pl»"r]>6»9/ ..... 

:vt» '.sec* 
/a2££f. s&i^/L .. 

;>ia »IU S '.KBIO 

/a>x,ft • 2 ftis>f 

CWI ^y&JX.e.i-v 



^Eifi_:SBXW- 



H'M-K J fe^ 1 - 






■g)-fc>' 



_3>I»-.;s>»-ts 



/=PMf.P^l^/ 



-g)-^-- 



£j«S- , .liBl4- 

._ /PI-0-.3>feXff/ 

ZafciftifiE.it/ 



s^a_ 






-j^ftj — e^> 



A2= 



aw:»ow 



-j 3(olM---|oj^ 3 = 



JitCr -."DB2.6 






-gy^.^a- 



_2»3S^3>eSQ 



X^J [»£>»_— 



jajSft_;i)B»i 



3-128 



/ OTfr'C-c^ / 






^3flAj g£> ' 



ou) Miwsr 



■^friattKHK- 



-g)-^>»^ 



en**- 




ter*M> 



^IJihBMd ' 



-*£ 



|*>M — {5^ 



-» 



-» 



-g>-^ 



-g)—f^- 



jBfrtfica 



J3EQSLLS2£k_ 



-fi W% T/ 



jzIsl. 



/ yroictMH ft/ 



J& 



±±_ 



+A. 






catm>- 



.MSiBK^t- 




^9^.H1. 



q-iytAVi.h-* 



P-'ire 3-12. Logic Diagrams (sheet 88 e' ">'0 




stop 



»^Af*re.w/o ivr^aa 


•Kv^wrc^V Circuit 


Ikjpu-t 


T»l*i NOi 




UAOOC(S) 


NVtftWOO C»0 ' 




LAo 1 C»r> 


»VL**t>oi C&^) 




Lftil Cao> 


«oviM>i><». Cxo) 




UP.0% CA"0 


m n*vj>ooa C vol 


_ «vfcTaw/o 


l_«vo4- Co<0 


kjVjafc&OA- to©) 


UAOS (.»«*> 


«it«a>oo«" cie) 




L_f.Ofc C»4} 


UttAWOfe (jcnO 




L.ftoi c»o 


NicfK\>t»on en) 




LA OB (,^> 


MK(\»O0% 0«i) 'I 




i_ ft o«i CVD 


WV-«VW>0«* GVS} 




k>WP.'J>&IO 0.3J 




la u tao 


MUMKTk&M t«0 


-Mwm»yi 








t A » 4- C4*i 


kl <4A»t>»4- (.3t) 




L* IS" C4-"0 







9*UITCW 



3ie 



M 


c>> 




p\-*e 


Pb-**,i 


& 


1 




P\-3I 


Pb-B,Z 


"F- 


2 i 




Pt -31 


Pfe-C.3 


e 

D 


3 I 

4- 


>SM> 


P»-33 
P» -34 


Pb-S,* 
Pb-tf.S 


C 


5 




Pi -33 


Pb - V-, b 


a 


b 




PI -3b 


Pb-«,~? 


i\ 


"1-' 




PI -IX 


Pb-M.S 


w 


e> 




pi -x2> 


flfc-K.,1 


& 


9 




Pi -2* 


W-u llo 


p 


10, 




PI -IS 


Pb-«v»,\l 


e 


IV ' 


► &** 


P»-2b 


Tt-Kk,li 


D 


12 


PI- 21 


Pfc-P,V3 


C 


•3 




Pi- \S 


Pfc-R,l4- 


8 


»* 




Pi -«>b 


P5-\,ft 


* 


|S> 




PI -Of 


PS-2.& 



44 MtWVD60 
OS uV4K3»t>Oi 

n wicpri>Dc>4- 

\<l nWABOOS 
*l N|tA*D 6t 
24- WU*»J> 01 

33 MK.»,»0O<» 
3fo nMfc»© to 
<H3 NWf,l>D it 

44 mi£h,»» ii. 

Ol NKAJ>»|4 
03 WVifSUDlS' 



_£iaa_ 



*>MftQ. 



Miftffrw 



Figure 3-12. Logic Diagrams (sheer 89 of 91) 



3-130 



QJUXSJK. C^V^) 



E*X_ p^ 



^3 — 1 
A # O 



-©V 



-< 



-»~W\A 



Cpemtagp wTMtt -•&»*>*» u«w\ 



<*e) fllfildKiia- 




HJ&ClKlftV 



£l$fr«_ 



\H=t 



frl) 
0<-) 



jbb«m 



l-t-»V 






,tellVW> fDJT UKWTfrVfrNftlj 



g»Tli/>-l 



ttktiA .ju g .y ^ 






C««W Tfc»V.«> 









-o- 



* x — a 







O- 



2SL- 



CTftrO 



** Q-T*» 



IE 

Jttt- 



Jtt. 



Afc_ 



->>V\AAt->> 



i-A) 




m art*.* X.ifo 
wa-T»3 Cii5 



t£S.^ VXiO <-<>"£> 






:: &? 



•»UMTCU - 


— t-p 


wf> — 


»4l.« 


%** o 


Pt-io 


PS-4.& 


OT tt.S*»J<tD 


311 • 


Pl-O* 


•>«-+.«> 


to HVtf+MM 


*■* 3. 


p»-«» 


f*-M» 


»4- *V«H<IV 


*U » 


Pt-oC 


»»■*, p 


»» *»*«%•» 


*** * 


(*!-•**• 


pc-i.* 




»» flr 


P»-»«l 


PV-^M 



AUTO &BUBT 



* £ O 

1 i-4- 



CO . g.VMlWBtt 1:4* 



Pl-4*. 

-^/-nAAA 



-» 



-» — 






c %V^fi. 



K"ajg.t 



feTPff 



►JftTHO 



_&a^ 



-SI 



ife3 



K*-T»t. j 



-caLU 



fcigrfra j 



Mftt*ar ^ 



Hftyro 



F t 



-« 3-12. Logic Diagrams (sheet 90 of °M 



3-131 



IMT^UTA 



CTfe >.jr>fr>r. 



C7A>JM3Jt 



xu.p 




Figure 3-12. Logfc Diagrams (sheer 91 of 91) 



3-132 



